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VIRGINIA INSTITUTE OF MARINE SCIENCE 
GLOUCEST ER POINT, VIRGINIA 
T o His E xcellency, HO N ORABLE ALBERTI S S. HARRISON, JR. 
Governo·r of V ·i·rginia , cm d 
Th e Genera.l A ssembly 
In acco rda nce with statutory requi rement~, I have the honor of sub-
mi t ting the r ep01't of the Virginia Institute of Ma rine Science for t he 
fi scal years ending June 30, 1962 and June 30, 1963. 
Durin g thi s period the Common wealth's services to the people, com-
muniti es, industri es and defense es ta blishments of Maritime Virgini a , wer e 
im proved. As a consequ ence of our basic and appli ed resear ch mor e is 
known a bou t our va luable marine r esources . Resea rch concerned the James, 
York, Rappahannock and Potomac Hiver systems, the Bay, Seaside and 
th e import ant Vi1·gini a n Sea. 
Studies of the eff ect s of pesticides, industria l and domestic wast es a nd 
radioactive mat erials on the mar ine environment continued. Partially com-
pleted r esearch shows that filter -f eeding a nima ls ma y accumulate and 
deposit radioactive particles into the bottom where they may build up. 
Coastal researches a t Virginia Bea ch developed valuable knowledge 
of the facto r s involved in shor eline erosion. 
E xtensive circulation studies of the Vi1~_inian Sea between Ca pes 
Hatteras a nd H enlopen di sclosed tremendous interaction between Bay and 
Ocean wa ter s of g r eat importance to the ecology of the Bay and the econ-
omy of the Commonwealth. 
Research on species significant t o the gr owing· marine sport fi shin g 
industry continued. Scientific predi ctions of avai lability of fi sh and crabs 
impr oved a s did their util ity to industry. 
Continu ing oyster di sea se studies helped minimize losses to oystermen 
in in fected areas a nd increa se production in uninfected areas. With dis-
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ease resistant oysters and new sources of seed as goals, Institute scientists, 
deeply concemed with the vulnerability of the shellfish industry because 
of its dependence upon the J a mes River seed area, pressed the sear ch for 
s uitable new natural seed areas and at·tificial culture practices. 
Establishment of the new Wachap1·eague laboratory permitted better 
services to the differ ent and important Eastern Shore area. 
Institute personnel and facilities ha ve trained a new generation of 
marine sci entist s and added approximately fifty scientific papers to ma n's 
s tore of knowledge of the Sea. 
A resum~ of the activities of the Institute relating to promotion of the 
mariti me resources and industries are included as an appendix to this 
letter. 
I hope that thi s report meets with your expectations and r eceives your 
approval. 
WJHJr:bo 
Respectfully yours, 
William J. Hargis, Jr. 
Director 
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APPENDIX TO LETTER OF TRANSMITTAL 
I n addition to its research an d training activities the Institute and 
its personnel have promoted the inter est s of the maritime r esources a nd 
ind us tries of the Commonwealth in various ways. 
For example, we have se rved as or in : 
1) Scientific consultants to the Commission of Fi sheries in seafood 
and marine r esource conservation problems. 
2) Scientific consultants to the Governor's office and the Genera l 
Assembly. 
3) Scientifi c consultants t o the Potomac River Fi sheries Commission. 
4) Scientific consultants b the Atlantic States Marine Fisheri e:; 
Commi ssion. 
5) A member, Governor's Committee on Environmen ta l Health. 
6) Con tract consultants and r esearchers for Virginia in s tallations 
of the U. S. Navy. 
7) Co nsu ltants to the Chesapeake Bay Bridge Tunnel Commi~s i on . 
8) Witnesses and report prepm·ation for th e James Rive t· Channel 
Study Commi ssion. 
H) Consultant Corps of Engineers on the Salem Church Dam Project, 
the Baltimore Ship Channel Pt·oject and numerous other pro-
posed large and small marine project s in Virginia waters. 
10) Providin g advice to various maritime industries ins ide and out-
s ide the State conceming Virg inia's marine resources. 
11) A member, Governo t·'s Committee on Potomac River Fish Mor-
tali t ies. 
12) Consultants to the Hampton Roads Sanitation Commission. 
1 3) Coo perative s tud ies with Beach Erosion Board of t he Corps of 
Enginee rs . 
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INTRODUCTION 
Previous reports appeared as Exhibits in th e Annua l Reports of the 
Virginia Commission of Fisheries. The la st report submitted covered the 
bi ennium 1 July 1959 to 1 Ju ly 1961. This first r eport r equired by the 
new Code wh ich became effective 29 June 1962 mu st ther efore bridge the 
gap between that la st report and the present. 
In· September 1960 thi~ agency submitted to the General Assembly's 
Capital Outlay Commission its "Capital Outlay Study 1962-1968, Individual 
Project Report". This study included r ecommendations for a r ev ision and 
modernization of the enti1·e r esearch program. It was po inted out that 
not only were problems involving the seafood industry on the increase but 
also new problems were continuous ly a1·ising involving intell igent u se of 
Virg inia's marine and t idal water s . These new problems focu s attention 
on the fact that all u ses , and atuses, of our water are reflected in a ll sep:-
ments of marine water 1·esom·ce use. Dredging, draining, shipping , fi shing, 
water pollution, industry and r ecreation all inte1·act through t heir common 
dependence on the attr ibutes and r esources of the marine environment. 
It is only natuml that Virg·in ia should be a leader in that particular 
part of the fi eld of natural resources termed oceanography. Early Vi1·gin ia 
was founded from the sea and the lives of the colonist s were bound to 
th e sea. The Commonwealth has been the home of a shipbuilding compa ny 
which has built some of the largest and fin est commercial vessels and war-
ships in the world. It possesses some of the world's fin est nat ural harbors . 
And its citizens have been fi shermen and seafarer s for generations. The 
present Director has r epeatedly a sserted hi s beli ef that Virginia 's marine 
resources cannot be wi sely managed without knowledge which is only 
acqu ired through intensive, continuou s research. 
In the 1962 General Assembly th e Code of Virg inia was r ewritten 
to change the name of the agen cy and to broaden the legal scope of its 
activiti es. It a lso provided increa sed financia l support for t he 1962-1.964 
biennium. 
The detailed r epo1't which f ollows has been org·anized into specific 
activities of the various departments and sections of the Institute. It at-
tempts to outline what has been a ccompli shed and how much s till r emains 
to be done. 
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RESEARCH 
MALACOLOGYDEPARTMENT 
J AY D. ANDREWS, H ead 
DANA ELDRIDGE ............... . .. .. ...... .. ... .. .......... ...... Research Assistant 
J ERRY CROSWELL . .... .... . .. .. . .. .................. ... .. Laboratory Technician 
CURTIS L EIGH . .. .. .. . .. ..... ..... .............. Laboratory T echnician 
JUA N ITA G. WALKER. ............ .... . ...... . .. ... ... Laborat o1·y Technician 
FRANKLI N B. WALimR ..... .... ............... .. . ................. .... Laboratory T echnician 
STATUS OF THE OYSTER INDUSTRY 
Du r ing this biennium the epizoot:c caused by MSX di sease has brought 
oyster farming in hi gh-sali nity wate1·s to a state of crisis. Production in 
these areas, mostly private beds, has a lmost ceased. In contrast, in t::e 
river s where salinity is low, production has been good. The epizootic has 
taug-ht a viv id lesson o.f the importance cf salini ty in di sease and p redator 
control. 
Decrease in local suppli es has led to the impo1t of marketable oysters 
from t he Gulf Coast. Unfortunately, some of these imports have been 
replanted in Chesa peake waters. This practi ce should be discouraged. In 
addition to introducing predato1·s such as the large dri ll Thais, new di sea ses 
may easi ly be brought in. There is no feas ible method of inspectin g im-
polts , beca use oyster di seases are on ly sli gh tly known at present. 
The Jmnes Rive1· Seed A1·ea.- Th e p1·oposal to dredge a deep-wate1· 
cha nn el in the James River has been protested by the oyster industry. 
Although changes in salini ty and circulation are expected t o be small, the 
seed area is located 1·ather precariously between waters that are too fresh 
and too salty. Any shift in sal in ities either way would be harmf ul to pro-
duct ion o.f quality seed oysters. Deeper waters are expected to become 
slightly sa ltier and mig ht provide r eservoirs from which diseases and 
predator organisms cou ld in vade shallow beds during· summer and fall 
maximums of salinity. Deepening the channel would also result in s tronger 
vertical strat ifi cation of water layers, hence less mixing, which might have 
dele teriou s effect s on larval di st ri bution, survival and setting. 
Another change has occuned in the J ames River seed area which may 
have more .far reaching effects than the channel-dredgin g project. Coincident 
with the drastic 1·eduction in oys ter populations in Hampton Roads cau sed 
by MSX, there have been two years of near failu r e of spatfall in the 
James River. Conceivably this fai lure resulted from loss of brood stock 
of oysters. Some setting occuned in the lower half of the river, partic-
ularly on the beds a dj acent to the channel. Inshore an d upriver area s had 
almost no set in both yea1·s. The relative absence of you ng oysters has 
led to a change in the character of seed stock. The count per bushel has 
been lower and the size has been larger than usual, with the result that 
man y oysters have been tonged for market, not for seed. 
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The production of 1·elatively large seed oysters in James River and 
fear of disease has led to earlier harvesting in Chesapeake Bay than ever 
before. Beds are harvested after 18 months culture instead of two to three 
years. 
Se·rvices to Oyste·l"'nen.- During the MSX epizootic , the Institute has 
attempted to keep them informed on di sease activity in all majot' growing 
areas. Many samples have been taken from private beds to provide grow-
e r s with estimates of future expectations. James River, as the source 
of most seed oysters , has been subjected to especially close scrutiny. Over 
40,000 oyste1·s have been pt·ese rvecl s ince the beginning of the epizootic 
in 1959. A larg·e proportion of th ese have been processed by the Micro-
biology-Pathology Department and diagnosed fo r disea se. Trays of oysters 
have been maintained at many stations to measure death rates and time 
of deaths. 
Thi R service has resulted in considerable savings to the oyste1· industry, 
savings which far outweight the cost of the program. 
STATUS OF OYSTER DISEASES 
MSX.- Since May 1960 b·ays of James River seed oysters have teen 
maintained in each major g1·owing area to determ in e death rates, inci-
dences of MSX and seasonal losses. Public and p1·ivate beds have a lso been 
monitored. The beds in high-salinity waters of Mobjack Bay, lower York 
River, lowe1· Chesapeake Bay and Hampton Bar have continued to suft'er 
losses from MSX at fully epizootic level. Beds in slig htly lower salini ty 
waters which were damaged during the peak of the epizooti c in 1960 have 
shown less MSX activity the past two years, suggesting that cautious 
pl anting is in order. In a ll MSX-infested areas, avoiding infected seed 
stock and eady harvesting are essential to minimize losses. 
In the laborato1·y MSX has proven 1·efractory s ince it cannot yet be 
tran sm itted ft·om oyster to oyster for s tudy purposes. The seasonal timing 
and magnitude of losses in nature are well known but occurrence of in -
fection s has become somewhat enatic by areas . A detailed description of 
the activity of the di sease in the James River seed area has been prepared 
for publication. 
De·l"lnocy sticliwn. mctrinum.- Thi s fun gus produces a contagious di sease 
among oyste1·s particu larly where populations are high. On the low-salinity 
fr in ges of MSX di stribution, where oysters are still being planted and 
hat·ves ted despite some losses, De?"mocyst'iclimn has continued to thrive. In 
high-salinity waters on ly areas of importation Ol' t·ect·uitment, such a s 
the Institute pier, have r etain ed appreciable incidences of the fungus. 
Seaside D·isectse .- While monitoring fo1· lVISX activity on Eastem 
Shore of Virgini a, Wood and Andrews discove red anothet· pa thogen of 
oysters. Thi s organism, named Haplo spor idium costale, is a spore-forming 
membe1· of the P1·otozoa . It kills oysters on Seaside of Eas te rn Shore be-
tween 15 May and 1 July each year. Crops of oysters two years of ag·c 
and less m·e not seriously damaged by the di sease, hen ce losses can be 
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minimized by early harvesting of rapidly growing sea s ide oyst er s . Detailed 
descriptions of the organi sm and its epizootiology have been published. 
Production of R esistant Oyste rs.-lt is genen1lly agreed by biologists 
that development of r esist a nt oyst er s is the best approach for a solution 
to the problems of di sease . Selected brood oysters have been collected from 
beds a lmost wiped out by MSX and have been broug·ht into the labo1·atory 
a t the Institute fo r arti fi cial spawning a nd rearing of larvae. These lab-
ol·atory-bred oysters will be test ed for di sease res istance, growth and 
other desirable qualities as time an d faci lities permit. Numerous problems 
of food, spawning and rai sing la rvae mu st be overcome befor e artific ial 
culture of resi:o tant s tocks is successful. Other species of mollu sks are l::ein g 
successfull y raised articfi call y by t he same methods. 
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ICHTHYOLOGY DEPARTMENT 
EDWIN B. JOSEPH, H ead 
WILLIAM J. DAVIS .... . ··------·--· -· ·--·· 
JoHN J. NoRCRoss _____ -- ------- ·-· ··· --· ·-
CLARENCE RICHARDS ........... . 
WOODROW WILSON _____ ---------··· ---· 
..... Associate Marine Scientist 
--- --··· ··· -------· Associate Marine Scienti st 
-··· ·--· --·-· Assistant Marine Scienti st 
···-··--·-- ·-··---- .. . Laboratory Technicia n 
MRS. JENNIE HA N DLEY .. ... . ...... ------···· ·· ··--- ------ -------- --··· ______ Secreta1·y 
The general functions of the department are to advise the Director 
on ma tters pertaining to finfi sheri es of the Commonwealth, conduct basic 
and applied research on finfi shes, compile and analyze data r elative to com-
merci a l and sport fi sheri es and issue r eports on its investigation s. 
OFFSHORE ICHTHYOPLANKTON INVESTIGATIONS 
Th1·ee of the most extensive ocean cruises ever attempted by the 
Institute were conducted by membe rs of the Ichthyology Department dur-
in g· the fi scal year 1962-1963. These cnJises, which wer e designed to collect 
the pelagic eggs and larvae of fi shes, were part of a continuing research 
project which has as its goals : 
1. To locate, desuibe, and characte1·ize the areas of r eproduction 
of fi shes indigenous to the marine and estuarine waters of Virginia; 
2. To describe the developmenta l stages of those fi shes which are 
s till inadequa tely known; 
3. To defin e and clarify the mechanisms of di spersal of larvae and 
young from spawning to nm·sery areas ; 
4. To add any info rm ation which will contribute to our kn owledge 
of the biology of the fishes of the Virgini a Coast. 
The sampling pattern consisted of three transects of 36 oOO'N, 37°00'N, 
an d 38 oOO'N and exten ded past the edge of the continental she!£. These 
latitudinal transects were connected by two series of station s running 
parallel to the coastlin e. This patte1·n was successfully cover ed on th1·ee 
planned cruises : 29 June - 12 July 1962, 26 September- 11 Octobe1· 1962, 
and 17-30 Ap1·il 1963. This pattern, althou g·h successfully completed , r ep-
r esen ted an over -extension of present vessel capability. Much r emains to 
be done to complete the obj ectives of thi s program a nd fu rther plans a re 
bein g developed to meet particular objectives. 
The three c1·uises 1·esulted in the collection of a pproximately 400 
ichthyoplankton samples and the occupation of app roximately 100 hydro-
graphic stations. The initial sorting and preliminary identificati on has 
been completed on the ma terial f rom the em·lie1· two cruises, but not from 
the r ecent spring crui se. Thus no complete evaluati on of r esults can be 
given at thi s time. Howeve1·, preliminary indica tions are that the crui ses 
p1·oduced a very significant step t owards meeting the ini tial obj ectives 
of the prog-ram. A few items of special importance a r e wo rth mention . 
The pelagic eggs of the bluefi sh ( Ponuttomus saltctt1·ix) were identified 
from material collected on the summ er crui se. Evidence of spawning was 
obtained f rom 40 to 80 miles offshor e on all th1·ee tnl!lsects a nd confi rms 
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earlier indications of spawning sites based on the presence of larval blue-
fi sh. Thi s is the first direct evidence of spawning for thi s important species 
in the mid-Atlantic Bight and will contribute significantly to our knowledge 
of bluefish biology. 
On the fall crui se the first ind ications of a year-class failure of men-
haden were obtained. This info rmation was tra nsmitted to the menhaden 
conventi on o;f the National Fishermen's Association . Additional sampling 
in inshore waters later in the sea son have tended to confirm tha t either 
a year-class failure has occurred or else the la rvae were not enter ing the 
nursery ground during the winter months. The eggs or la1·vae of several 
additional species have been 1·ecognized for t he first time and are cunently 
being- stud !cd. 
A large-scale cooperat ive p1·ogram between VIMS an d the U. S. Navy 
during the next fi scal year is in the final plann ing s tage. Its purpose is 
to s tudy current pattern s and to evalu a te the modifying effect s of wind 
conditions on these pattems. Monthly aerial drops of su rface and sub-
surface drift devices f rom naval aircraft are proposed. Navy Weather 
will provide weather data from the entire area which covers the continental 
shelf from Cape Henlopen to Cape Hatteras. Knowledge of aberrent a s 
well a s typi cal cunent patterns is essenti«l to a n under s tanding of di spersal 
of larvae s tages at sea. 
LARVAE CULTURE PROGRAM 
At the beginning of the fi scal year the National Science Foundation 
awarded a three-year t·esea rch grant in the amount of $16,000 to support 
experimental work on the larval ecology of marine fi shes. By the t ime 
that the award was made t he spring and ea rl y summer spawning seasons 
had passed. However, the laboratory was equ ipped and preliminary work 
begun. 
The most sig nifican t contribution to elate has been t he successfu l cu l-
ture of the eggs an d lat·vae of t he black drum, Pogonias c?·omis. This 
a llowed descr iption of the previously unknown eggs and early la r val stages 
to be made a nd spawning sites a nd conditions designated. Thi s was the 
first case of a sciaenid fi sh bein g successfully reared through the larval 
stages. A manusc ript resu lting f rom this work has been prepared and 
submitted fot· publi cation . 
A further contribution to our unclet·standinJ of low water temperatures 
as a mortality factor operatin g· on larval an d post-larval fishes was 
achieved durin g January 1963. An experimental population of post-larval 
croake r was being maintained in the labo ratory at the same time the nat-
ural population di sappeared from the nu r ser y area. This di sappeara nce 
and probable mortality was thought to be due to abnormally low temper-
atu re in the York River . In order to test t hi s hypothesis the experimen tal 
popu lation in the laboratory was subj ected to controlled temperature con-
ditions. Below 6.0 °C there was a complete cessation of feeding activiti es. 
At 1.5 °C a loss of equ ilibrium was apparent in the experimenta l animals 
and complete mortali ty resulted in approximately 24 hours. Thus from 
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field observations and laboratory 'experimentation it appears confirmed 
that low winter temperatures constitute an important mortality factor 
on post-larval croaker. 
The first year of the grant was designated, in part, to develop tech-
niques for culture and especially f eeding of early hu·val stages. Some 
progress has been made in this area, but no spectacular "break-throughs" 
have been achieved. With the advent of the present spawning season, 
more time is being devoted to thi s project. 
COMMERCIAL FISHERIES PROGRAM 
The program devoted to the commercial fi sheries of Virginia consists 
of a number of activiti es designed to: 
1. Monitor the commercial fi sheries to detect changes in abundance 
of exploited stocks, changes in age composition of stocks and changes in 
fi shing effort ; 
2. To refine our syst em of predicting the abundance, size and ag·e 
composition of stocks ; and 
3. To understand or explain the fluctuation in stocks especially a s 
they may relate to environmental effects Ol' fi shin g practices. 
All of the above activities are of necessity long-term programs. Con-
tinuing progress was made durin g the current fiscal year and specific items 
will be mentioned under the species to which they pertain. During the 
year an expanded catch record syst em was inaugurated. Printed log books 
coverin g a wider variety of species ha ve been distributed to wholesale 
dealers and to individual fi shermen. Individual trawler landing 1·ecords 
are cunently being obtained through Mr. Willi a m N . Kelley of th e Bureau 
of Commercial Fi she1·ies. Thi s set of r ecords cover s the period from 1957 
through the present time and should afford a valuable study of the offshore 
trawl fi shery. Since these l'eco1·ds are ideally suited to machine analysis , 
we have withheld expending time on these pending· acquis ition of IBM 
equipment. 
Inshore Fisheries 
Croaker, Mic·ro]Jogon u.nclu.latus .-Croaker stocks have l'emained a t 
a ll-time low levels , with catches constituting only a small fraction of 
earlier years. The advance pred iction of the department for 1962 was that 
another very poor year was in s ig·ht. The 1962 ca tch was less than two 
million pounds, thus our prediction was substantiated. Although the year 
was a poor one for the industry, it was productive in the accumulati on 
of additional knowledge and unders tanding of croaker fluctuations . 
For several years the Institute has maintained that the severe winter 
of 1958 was r esponsible fo r a year-class faihn·e and subsequent low 
catches. No substantiating information from the field was added until the 
mild winter of 1961-1962 resulted in the best survival of juvenile croaker 
s ince 1956. The winter of 1962-1963 was one of the most severe on r ecord 
and another complete ye<n-class failure 1·esulted. Post-larval and juvenile 
croaker were a bundant in the York River from the time of the fall spawn-
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in g until the middle of December. During the extremely low December and 
January water temperatures, post-larval croaker disappeared completely 
a nd non e have been seen to da te. 
Spot, L eiostomus xanthunts.- Th e advance prediction for spot during 
the period covered by this r eport was for a sig nificant increase over 1961 
but that the level would probably remain below that of 1960. The 1962 
catch w <tS 1,706,000 pounds a n increase of three-fo ld over 1961, but still 
about one-third below the catch of 1960. Thus, our prediction was conect 
in every respect. Good coverage was obtained during the year for age 
analys is . Preli minary analys is fo r the year was : 
Yem· Class Num ber Fish Percent of T otal 
1962 3,157,473 54.8 
1961 2,540,268 44.1 
1960 66,432 1.2 
Gn~y Trout, Cynoscion 1·egalis- Gray trout populations have remained 
at very low levels even though some sli ght improvement was noted in the 
s ize of the fi sh. Though successful 1·eproduction has been extremely low in 
the past year, samples for age an a lysis were a dequate. Age determ inations 
have been made but fin a l expansion of the data has not been completed . 
St·1·ipecl Bass, Roccus saxett ilis.-Commercial catches of str iped bass 
have r emained at the hig h levels that wer e predicted. The winter period 
of this fi scal year was extre'mely productive. 
Meuhaclen, Brevoo·rtic~ tyrannus.-The year-class produced during the 
winter of 1961-1962 was one of the strongest of r ecent year s. These fi sh 
appeared in the pound net s in Aug-u st , 1962 as 4 t::> 6 in. fi sh, as we ha d 
p redicted. During the summer of 1963 t hese one-year-old fi sh should ap-
pear in pound-net catches in cons iderable number s , if migration times of 
past seasons are 1·epeated. Late in t he summer t hese fi sh should contl'ibute 
s ig nificantly to purse seine catches, an d again be p1·ominent in the summe r 
of 1964. 
From t he fa ll offshore cruise indications of a year-class failure were 
obtained. Larvae did n ot enter the lower bay at the usual time. We indi-
cated the possibility that larvae were remaining· offshore due t o low in -
shore temperatures. This was partiall y borne out by the appearance of 
small numbers of la rvae late in t he spring . Thi s in formation was r elayed 
to the industr y at earli est possible time. 
M iscellcmeous S7Jecies .-Blu efi sh are in a period of unusually high 
abundance and preliminary indications are that t he present season will 
r eveal continued improvement. Shad catches have remained r elatively stable 
during the last few years a nd present stocks appear capable of meetin g 
market deman d, which appears to be declining gradually. H e rring catches 
at·e sli ghtly lower than last year; however, no strong· complaints of scarcity 
have been heard. 
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The Offshore Fisheries 
As the bay fi sheries have continued to decline off-shore trawlers are 
increasing in relative importance as a source of food fi shes. Approximately 
17 million pounds were produced in 1962. There was no major change in 
landings for any of the important species. W e still know so little about 
the stocks that it is impossible to predict future abundance or whether 
heavier fishing effort could be sustained. 
The biggest news of the year in the offshore fi shery was the discovery 
of winter stocks of swordfish which could be exploited by long-line fi shin g 
gear. New England boats began fi shing in April, which should be near 
the end of the usual season. By the end of May, over 100',000 pounds 
(dressed weight) has been landed. This is a high-priced product for which 
demand has always exceeded domestic supply. In order to establish early 
contact with this fi shery, Mr. Norcross made a trip with the Maine dragger 
"Dorothy and Ethyl II" as an observer. Several Virgnia boats began out-
fitting for lon g-line fi shing during· the sea son. 
Sport Fisheries 
At the beginning of the present fi scal year, the long-term sport fi sh 
s ampling program was phased out. The resu lts of this work were publi shed 
during the year. 
Efforts are now directed toward increasing our knowledge of the biology 
of several of the large1· game fi shes, namely the reel and black drum and 
cobia. The greatest progress has been made on a g·e and growth studi es 
of the black drum. Mr. Richards has been able to establ ish annulus forma-
tion on earlier age groups, and to derive an age-leng·th-weight formula 
whi ch fits observed data. 
A t·epol't is now in progress which will describe catch data for Eas tem 
Shore Charter boats. These data cover the period of 1955-1962. 
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CRUSTACEOLOGY DEPARTMENT 
W. A. VAN ENGEL, H ea.d 
FRANK J. WoJcm ........... ... ..... ... ........... .. ...... ... ........ Assistant Marine Scientist 
CHARLES I. JENKINS ......... .... .. .................. .. .. .. ........... Labomtory T'echnician 
ALICE LEE TILLAGE .. .. .... .......... .. . .... .. .... ..... .. .......... .. .. .. . ...Secretary 
ABUNDANCE OF YOUNG CRABS 
For several years estimates of crab abundance in the Chesapeake have 
been based on experimental trawl catches of young crabs in the York Rivet· 
from Septembet· throu gh November. These fall surveys usually permit 
accurate forecas ts of the commercial cat~h of crabs one year later. F ore-
casts are checked and revi sed the following year, by trawl surveys between 
April and July, by the success of the soft and peeler ct·ab fi shery at Tan-
g-ier, Virg-inia, and from bay-wide pot catches dm·ing the fa ll. In 1962, 
the trawl survey check was extend ed to the Rappahannock River. 
From theEe su rveys, the 1962-1 963 index of abundance was estimated 
to be low, whereas there was a record commercial catch from August 
1962 through F ebl'Uary 1963. Only from March through July 1963 was the 
catch as low a s predicted. 
The di sparity between the forecast and the catch may be partia lly 
interpreted. It is possibl e that the peak of the hatch was delayed from 
June to late September 1961. Thi s would account for our findin g few young 
crabs in the fall of 1961 surveys, and for the scarcity of soft and peeler 
crabs in the summer of 1962. In addition, if a hi ghet· than normal per-
centage of the stock from the tributaries moved to the lower end of th e 
bay in the fall of 1962, in respon se to the unusually cold weather, thi s 
wou ld have provided the large supply to crabs for th e winter fi shery. This 
migrat ion wou ld have left f ewer c t·abs in the rive t·s, accounting for the 
vet·y small catches in the spring and early summer. 
Studies have shown that crabs may move into the bay from offshore 
water;; . If an unu sually large number migTated into the lower bay in late 
fall or during the winter of 1962-1963, they could have inct·ea sed the bay 
supply, and accounted f or the t·umot· of new beds of crabs reported by 
some dredg-ers. 
PARASITES OF CRABS 
Althoug·h large-scale mortalities of blue crabs occur, they are most 
often ex plained as the effects of old a ge or of suffocation in polluted watet·s . 
Little is known of di seases of the blue cr ab. 
One of the more interestin g pat·as ites appeat·s as numei·ous black spot s 
in s ide the body cavity of crabs, di sper sed over the surfaces of the softer 
body ti ssues. It is believed that these spots are cysts of one-celled animals 
called sporozoans, perhaps U1·osporiclium crescens, a member of the hap-
losporidian group, often associated with invertebrates. 
Crabs with black spots are rarely caught. Some have been found 
r ecently but only in fa ll and winter, on the ocean side of the Eastern Shore 
of Virgini a. They are known in the crab industry as "pepper crabs". 
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It has been suggested that the sporozoan is tnmsmitted to the crab 
by a trematode worm which spends part of its life encysted in crabs and 
part in shore birds . Encysted trematode larvae were found in the body 
cavities of blue crabs taken from the York River and the. bay in mid-
summer, but no "pepper crabs" were found. 
CRAB POT MESH SIZES 
Seat·ch has continued for a mesh s ize in crab pots that would retain 
large numbers of legal crabs and automatically cull out smaller ones. In 
August 1962, fifty pots each of four types were fi shed daily in the York 
River. There were no statisticf1lly significant differences in the average 
catches of legal crabs by any of the pot types. One experimental pot made 
of galvanized, 1·ectangular-mesh fabric, 1'12 x 2 inches, caught the fewest 
small crabs, about a third of the catch by commercial pots made with 
hexagonal netting. 
Three types were constructed by rectangular-mesh, welded wire : Ph 
x 2 inches (galvanized), P/2 x 2 inches (vinyl coated), and 1 '12 x 1%. inches 
(galvanized). The fourth type was 1 '12 inch galvanized hexa g·onal netting. 
The assistance of the Gilbert and Bennett Mfg . Co., Georgetown, Connec-
ticut, and the Keystone Wire and Steel Co., Peoria, Illinoi s , in obtainin g 
these fabrics is gratefully acknowled;ed. 
A slightly larger mesh s ize in hexag·onal netting wou ld be advantag-
eous, but might be too expensive to manufacture. A change to welded wire 
fabric rnight be recommended for the future . Recent introduction of vinyl 
coating to extend the li fe of fabr ics should result in substantial savings 
in time and materials to crab fi shermen. Unfo1-tunately, the coating further 
1·educes mesh size, and permits more small crabs to be caug·ht. 
TAGGING STUDIES 
Several thou sand marked female crabs were re leased at two-week 
intervals in the York River over a two-year period. Movements of crabs 
within the river were extensive, though random in direction. Most of the 
crabs were recaptured nem· the point of release, some moved upriver but 
about a s many moved downriver towat·d the Bay. Some seasonal differences 
in 1·ecoveries occulTed, clue t o shifting- centers of fish ing pressm·e and to 
migration of crabs. In spring, more fe males were t·ecaptu t·ed near the 
river mouth, while in mid-summer mor e were recove1·ecl from the vicinity 
of Foxes Creek, an u priver area. 
Rates of 1·ecovery, computed for each group of crabs released , fluctu-
ated widely the fir st year, but rose from 12'/t, in May to 33'/u in September. 
In the second year, the recovery rate began.'. at 44'/o in Ju11 e and with 
some fluctuations, steadily declin ed to 12 '/o by September and 3'/o by 
early November. 
It has not been poss ible from these preliminary studi es to estimate 
the true rates of death from fi shing and from natural causes . E stimates 
of the number of crabs in the river are obscm·ed by the migration s of 
crabs and by recruitment (the aclditi cn of new crabs to the fi shabl e stock 
by growth from smalle1· s izes ). 
12 ANNUAL REPORT OF VIRGINIA IN STITUTE OF MARINE SCIENCE 
ECOLOGY-POLLUTION DEPARTMENT 
MORRIS L. BREHMER, H ead 
MARVI N L. W ASS ............... .. .. ....... .... ..... ....... .... ... .... Associate Mal'ine Scientist 
J . ERNEST WARINNER ..... ..... ...... ....... ............ .......... Assistant Marine Scientist 
WESTON EAYRS, III .. ..... .... ..... ..... . .... ................ . ... Laboratory Speciali st 
ASHTON LEIGH .... ...... .. .......... ....... .. ..... ... Laboratory T echnician 
MRS. JUDY HUDGINS .... ....... ..... . ...... ... ... ........ .. ..... . Secretary 
The E cology-Pollution Department is responsible for research involv-
ing the natural aquatic environment and changes that occur in natural 
waters as the r esult of man-made contaminants that have been, or might 
be, introduced. The parametet·s of pollution measurements include chemical 
changes, destruction of indigeneous plant or animal populations, and degra-
dation of aquatic areas of recreational or commercial utilization. 
BENTHIC ECOLOGY 
The natural populations of epi- and infa unal organisms of the mid-
Atlantic Bight and the estuarine systems are being investigated. Unfor-
tunately, the fauna of this area has not been studied thorou ghly a nd con-
siderable time is r equired for searching the literature, corresponding with 
a uthorities , and constructin g keys for the identification of local forms. 
The sampling prog-ram at the "plankton buoy" located in the York 
River off the VIMS pier has been continued. The acquisition of a 0.5 mm 
seive has permitted the r ecovery of smaller organisms f rom the samples. 
Juveniles o£ est abli shed species and what a ppear s to be a pe1·manent pop-
ulation o£ ostracods are now being l'eco1·ded from the area. 
Benthic samples have also been taken f1·om the mouth of Chesapeake 
Bay to the Panmunkey R iver at the stations regularly occupied by the 
Ichthyology Department. Also, a number of t en th:c samples from off shore 
in the Atlantic Ocean have been examined. 
This unit ha s a lso been responsible fo1· th e biological phase of a 
U. S. Army Corps of Engineers Contract to study th e effects of dredgin g 
and dredge spoil di sposal on the marine environment. A summe1· and a 
winter cru ise were made during thi s period . In the winter cruise 84 st a-
ti ons were sampl ed ; 4700 individual animals belongin g to 117 species were 
t aken, with 4 species comprisin g 50 ')1, of the total. In the summer period, 
119 samples were taken at 108 s tati ons . A total of 54,789 individuals be-
longing to 151 species were found, with one species, Ensis cli·l'ectus, mak-
in g up 80.5 '/o of the June samples. In July, 4 species were needed to ac-
count for 50 % of the population, by t hen g reatly r educed. While polychaetes 
are the largest g roup of animals taken in these samples, mollusks are high-
est in biomass. 
Populations other t han Ens·is were not abnormally high in the area. 
A sample taken in nearby Tangier Sound on July 17 indicated the highest 
populations yet encountered per sq. m. for 3 species. These were roughly 
600 for Eclotea, a n isopod; 22,000 for Mulinia , a clam; and 32,000 for 
Cistenides , a polychaete. The biomass of 1290 g per. sq. m. is unsually 
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high for a depth of 86 ft. Purchase of an eight-bank counter has faci litated 
handling a large number of samples. 
CHEMICAL OCEANOGRAPHY 
The chemical laboratory of thi s department is responsible fo1· the 
analysis of samples collected by this or by other departments of the In-
s titute. Salinity, phosphorus, nitrogen , di ssolved oxygen, organic carbon, 
and phytopigment determinations are made routinely and facilities and 
reagents are available for many ·other titrimetric, gravimetric, emi ssion, 
or absor ption spectrophotometric, or ftuorometric analysis. 
RADIOBIOLOGY 
A radiobiology laboratory was established to fu lfill the need for facil i-
ties to utilize radionuclides in marine research. Experiments involving iso-
tope techniques are also performed for other departments at VIMS. 
Contract work with the U. S. Atomic Ene1·g·y Commission was con-
tinued during this period. The research involves studies on the fate of 
radionuclides in the marine environment. Natural seawater contains a 
suspension of living plants and animals as well as inorganic s ilt and clay 
particles. If radionuclides were accidently discharged into marine waters, 
a part of the ions would become associated with particulate material by 
the processes of adsorption or biological incorporation. The clays, ranked 
by percentages adsorped are ruthenium 106, cerium 144, cesium 137. Kaoli-
nite though very low in adsorption capacity, adsorbed a large1· percentage 
of Ce 144 than Ru 106. The different species of algae show different up-
take values for various radionuclides. It is extremely difficult to differen-
tiate between radionuclides incorporated into biological material and those 
m echanically r etained by gelatinous coatings, etc. Radionuclides associated 
with both inorganic and organic particles are extremely resistant to 
desorption during passage throu gh the digestive tract of marine filte r 
feeders. Likewise, the biodeposits are extremely resistant to leaching. 
Test s are also made with Carbon-14 to measure phytoplankton pro-
ductivity. This t echnique is used in the inter- and intradepartmental re-
search projects. 
TOXICITY 
The toxicity p1·ojects are jointly supported by funds from the U. S. 
Public Health Service throug·h r.esearch grants, by U. S. Navy contract s , 
and by Commonwealth funds . Studies are underway to determine the effects 
of the by-p1·oducts of man's activities on the marine" environment. As our 
population and economy g row we mu st utilize our water for the di sposa l 
of domestic and industrial wastes. The quantity of 1J?"01Je?·ly t?·eated wastes 
that can be discharged into our water without destroyin g· their value for 
food production, recreation, aesthet:cs, commerce and industry can only 
be determined through research . 
Extensive experiments have been conducted on the effect s of thermal 
effluents on the photosynthetic potential of phytoplankton. The r esults to 
date indicate that the photosynthetic ac tivity of the fall, winter, and spring 
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phytoplankton populations is not affected by exposures to temperatures of 
5 • , 10", and 15 ·c above ambient. The photosynthetic activity is significantly 
reduced by exposure of the organisms to temperatures 20 "C above ambient. 
Insulated aquaria have been constructed to determine the lethal tem-
peratures for marine benthic invertebrates. The data from these experi· 
ments will be compat·ed with the species found at a thermal waste outfall 
on the York River. 
Fish in respiration chambers have been exposed to heated water at 
different levels. The oxygen consumption per gram fi sh weight per minute 
has been determined. 
Experiments are underway to determine the tolerance of marine in-
vertebrates and fi sh to vat·ious organic and inorganic chemical s that are 
now, or poss ibly will be, di scharged into marine waters. The chemical con-
centration that will produce death in 50'/r of the test animals is determined 
to evaluate the relative toxicity of t he compound. Ten-day exposures to 
sub-lethal concentrations are then conducted to determine possible chronic 
damage to the liver, spleen, kidneys, blood, ot· other tissues of the animals. 
Toxicity studies are in progress, or have been completed, fot· several 
chemical compounds using the following test animals : the sessi le fleshy 
bryozoan Alcyonidiurn ve'l'1·illi, the sessile hydroid Thulari at·gentea, the 
shrimps Pa.laernonetes sp., and G-rangon sp., and fi shes, L eiostornus xanth-
u:rus , Fundulus hetet·oclitus, Roccu s am ericanu s , and Apeltes quctd·racus. 
COOPERATIVE RESEARCH ON LOCAL PROBLEMS 
The Department works in conjunction w ith the State Water Con-
trol Board, the State H ealth Department, and county or di strict sanitation 
agencies in problems that may affect the marine environment. 
The department head is a member of the Technical Committee for 
the s tudy of bacterial and nutrient contamination by duck farm effluents. 
Thi s group designed a study now active to determine the effects of lagoon-
ing duck wastes on coli form counts, the nutrient levels in duck affluents, 
and the distribution of wastes in the Rappahannock River from present 
operations. 
The Department, in cooperation with the Department of Oceanography 
and Geology, has been involved with a contractual investigation of the 
feasibility of locating subaqueous STP effluent outfalls in the lower Ches-
apeake Bay and Cape Henry to P endleton areas. Over 1500 drift bottles 
have been released to date at the s ix s tudy locations. Approximately 50 % 
of the cards are recovered and returned within ten days after relea se. The 
locations of the recoveries are plotted and the resulting data used to eval-
uate the inshore current patterns. 
Three Rhodamine-B dye s tudies were conducted in the area. The first 
release was made in conjunction with a current study by the U. S. Coast 
and Geodetic Sm·vey. The dye, a long with drift bottles, drogues, sea-bed 
drifters, and surface fioats was released from the U. S. C. & G. S. S. 
MARMER which was anchored off Cape Henry. The second and third dye 
studies were conducted in the bight between Cape Hemy and Willoug·hby 
Spit. 
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MICROBIOLOGY-PATHOLOGY DEPARTMENT 
JOHN L. WooD, Head 
GEORGE MOSKOVITS ............... ........ .. ..... .... . ... Associate Marine Scientist 
M. PAT BIGGER ............. ........ ....... .. . . . .... ...... Laboratory Technician 
FRANK MOSELEY .. ..... ...... ........... . . .. ... .......... ................ Laboratory Technician 
MoLLIE McMURTRIE . .. ...... .... .. ..... ........ ..... Laboratory Technician 
MRS. JANIE LEONARD .. ...... ... ...... .. ... ............... . .. Secretary 
PATHOLOGY 
A large part of the effort of the department continued to be in sup-
port of the oyster mortality progTam. As in the past, field collections were 
made by the Malacology Department and the specimens worked up into 
stained slides by technicians in our histology section . The total number of 
oysters processed was 9,452. The findings are reported by the Malacology 
Department. In addition 918 slides were prepared for other departments. 
Minchin·ia costalis.-Incidenta l to the investigation of MSX disease, 
a new parasite of Eastern Shore oysters was discovered. The new species 
is characterized by small (3.1 x 2.6 1-4) operculate spores without projections. 
Infections are first seen in late winter and there is a mortality peak in 
early June. The organism was described by Wood and Andrews in Science 
as Haplosporidium costale. A later taxonomic revision of the genus by Dr. 
Victor Sprague of the Chesapeake Biological Laboratory at Solomons, 
Mat·yland, required the change of the name to Minchinia costalis. 
MICROBIOLOGY 
The microbiology section has been preparing for a study of the di s-
tribution of the members of the genus Pseudomonas in time and space in 
sea water, sedimen ts and marine animals. Although this genus represents 
one of the most widely distributed bacterial groups in the marine and 
estuarine environment, no studies appear to have been made as to the 
extent of the populations or their seasonal fluctuations. Such studies are 
necessary as a preliminary step to determining the effects of these bacteria 
on populations of plankton and other marine ot·ganisms. 
The experimental work in progress is devoted to the development of 
a culture medium by means of which pseudomonads can be selectively iso-
lated from marine and estur;:tine waters. The testing of the components of 
this medium is being carried out with cultures r epresentative of the major 
genera of bacteria found in marine waters. The'se cultures were obtained 
from Dr. J. M. Shewan, Torrey Research Station, Aberdeen, Scotland. In 
the summer of 1963, work will be begun on the application of the fluores-
cent antibody technique to the identification of marine pseudomonads. A 
later part of th e proposed work will involve the study of growth-regulatory 
aspects of pseudomonads based on investigations of substances which these 
organisms produce and excrete into the water and which may stimulate 
or inhibit the growth of other organisms. 
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In addition to the above work, a collection of 86 (83 marine and 3 
terres trial) bacterial cultures has been established. These cultures are being 
maintained for s tudy and exchange. 
During the summer of 1962, r esearch was carried out by Miss Ann 
Thompson to investigate the possibility of differentiating between living 
and dead bacteria and algae in the bacteria-algae attachment phenomenon . 
The use of a 2, 3, 5-triphenyl t etrazolium chloride gave promisin g results. 
DEPARTMENT OF PHYSICAL 
AND GEOLOGICAL OCEANOGRAPHY 
P. WYM AN H ARRI SON 
ROBERT BARNES . ... 
MAYNARD M. NICHOLS, H ead 
......... .... Associate Marine Scientist 
. ....... ..... ............ Research Assistant 
Beginning; in July 1948, the Institute made a substantial annual pay-
ment for hyd rographic work to the Chesapeake Bay Institute of the J ohns 
H opkins Univer sity. Thi s contract was suspended in 1962 after organi-
za ti on of the Depa rtment of Physical and Geolog ical Oceanogr aphy. As a 
result th e oceanographic pr ogram in Virgini a has been gr eatly strengthened. 
Al so, a department whi ch is an integr al part of the Institute is more re-
sponsive to Commonwealth needs than one sepa rated by geography and 
with other extraneous dema nd s. 
PROJECTS 
S hore E 1·os·ion.- With finan cia l assistance f rom the U. S. Beach Ero-
sion Board, a two-year stud y was begun at Virgini a Beach in F ebruary 
1963. Computer analyses of the t ens-of -thousands of bits of data is a ccom-
pli shed a t Northwest em Univer sity in cooperation with Prof. W. C. 
Krumbein. Additional studies are planned a s a n ext ension of this work 
because of the serious na ture of beach erosion along Virginia's shor es. 
Consider a ti on is being given to t a pping offshore sand fo r use in r eplenish-
in g beaches. 
Inshore Ci1 ·cu. la tion-Y.i1·ginia B each.- At the r equest of the Hampton 
Roads Sanitation District Commission, and in cooperation with the Ecology-
P ollution Depar tment of the Institute, studi es have been undertaken to 
determin e the locati on of sewage out-fa ll s . Rhodamine-B dye was used to 
s imulate the dilution and diffusion of sewage concentrates over several 
tidal osc illations. One intensive survey, involving two vessels and s ixt een 
men over a th1·ee-day period, was accomplished in August 1962. A simila1· 
study was made in May 1963 off Little Creek. Longer series of observa-
tions are needed, together with detailed compilation of data on dye concen-
tration, to evaluate adequately the circula tion and diffusion at proposed 
outfall s. 
Subbottmn Echo Profile?· Sw ·vey .- With the aid of the U. S. Coast 
a nd Geodetic Survey, 90 tract miles of lower Chesapeake Bay and adjacent 
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James River were covered to evaluate the capability of the recently developed 
geological echo profiler (GEP) for the delineation of subbottom deposits of 
sand and ancient oyster shells . 
Oyster reefs were delimited in the York River. In the James estuary 
interference of other types of hard bottom proved GEP to be an umeliable 
tool for this purpose. A bul'ied sand terrace was delimited off Cape Charles 
City. 
Jl!l1:d-Ba.y Spoil Disposal.- Geological efforts during the second phase 
of this three-year project financed by the U. S. Army Corps of Eng·ineer s 
have concentrated on two aspects : 1) Continued accumulation and compila-
tion of basic information on morphology of the bottom and the sediments; 
and 2) delineation of spoi.l areas both laterally and vertically to evaluate 
extent of dispersal during dumping. 
Measurements of mass properties of the sediments show the water 
content of spoil-affected sediments is lower than natural sediments and 
that strength of spoil is higher. A comparison of bottom profiles, past 
and present, using original survey sheets of the U. S. Coast and Geo-
detic Survey, indicates areas where spoil can be expected to become 
concentrated and where it is expected to be disper sed after clumping. 
Ofj"shm·e Investigations.- Quarterly cruises over the continental shelf 
off Chesapeake Bay are supplementing previous physical investig·ations 
of the Ichthyology Department to obtain more specific information on 
temperature and salinity patterns bearing on circulation, which controls 
movement of fishes and their larvae and eggs. Samples of bottom sedi-
ment have been obtained in this little-studi ed area and physical, chemical 
and biotic contents analyzed. Several drowned barrier beaches have been 
encountered and their potential resource value in sand and shell is promising. 
Integration of physica l, biological and sediment data is underway. Many 
more data are needed both areall,y and seasonally to complete the survey. 
Offshore investigations will be augmented in the near future by shelf-
wide coverage of surface temperature by use of an airborne infra-red 
radiometer. Preliminary testing· and calibration of the instrument is prog·-
ressing favorably. 
Sedimentation and Ci1·cu.lation at P ie·r 12, Ha.mpton Roads.- A study 
of flushing and sediment deposition in basins of Pier 12, an aircraft carrier 
berth at the Naval Base, Norfolk, was initiated at the request of Navy 
engineers to determine a satisfactory means of reducing sedimentation 
and the growth of undesirable organisms. Use of dye and drogues indi-
cated that circulation in the pier basin is much reduced relative to the 
main channel but is sufficient to replace most of the water within two 
tidal cycles. Microfauna and sediment analyses indicat e that sediments 
currently being deposited in the pier basins are derived from both up-
stream and downstream. 
Relat-ion of Sa.Z.inity to R·ive1' Flow ·in the Rap71ahannock Rive1· E stu.ary. 
The impetus of this project came from an evaluation of the effects of the 
proposed Salem Church dam. Studies of hydrologic characteristics of the 
river indicate that lateral tributaries contribute significant quantities of 
fresh water to the estuary between August and October, whereas only a 
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trickle comes from the main s tream. The laterals , therefore, coupled with 
additions of ground water, represent a built-in safety mechanism which 
maintains salinity within narrow limits during late summei: and fal l. 
](t·lnes Rivel' F'looding.- To evaluate effects of flooding· in the upper 
James River basin in March 1963, seven hydrographic traverses were run 
by speedy outboard at intervals of three to five days. As expected, the 
estuary was markedly freshened and stratified. Depressions of salinity 
were rapid two to two and a half days after flood crest at Richmond. The 
surveys will permit prediction of future flood effects in the James. 
Contin1.wus Recrrl'dinf! I nstl'wmentation.-This new field of oceanog·-
raphy is developing- rapidly in both shallow water and in the open sea. 
Our efforts have been concentrated on evaluation of new equipment avail-
able in the market with respect to applicability to measurements in the 
es tuarine environment. One on-site survey was run in the York River with 
aid of Ins t itute s tudents in physical oceanography. Continuous measure-
ments were s imulated by hand sampling of water over two tidal cycles. 
APPLIED SCIENCE DEPARTMENT 
DEXTER HAVEN, H ead 
JAMES P . WHITCOMB .... ... , ............. .. .... ................... .. ... .. .......... Research Assistant 
REINALDO MORALES-ALAMO 
CARY PEET .............. . 
..... ... .. ...................... ..... ....... .... ... Research Assistant 
....... .... .. ..... .. ...... .. . Laboratory Technician 
OYSTER NUTRITION 
Thi s department is investigating· ways to increase the commercial pro-
ducti on of shellfi sh by applying· techniques and methods sug·gested by 
fundam ental 1·esearch. Studies are in progress on oyst er nutrition. Various 
soluble and insolubl e "foods" have been metered into troughs containing 
oys ter s. Results indi cate that st a rch, added to natural water at certain 
times of the year, may increase meat yields up to 30 percent. 
BIODEPOSITION OF RADIONUCLIDES 
The U. S. Atomic Energy commission is financing experiments to 
determine the rates at which oyste t·s and clams remove solid particles 
a nd attached ra dionuclides from water, and to a scertain how these particles 
are deposited in bottom sediments. Results to date indicate that under field 
conditi ons one acre of oyster s may filter up to one and a half tons of sus-
pended matter (dry weig·ht) from the ovel'lying water in a single week. 
Most of this matter is deposited on the bottom a s feces or pseudofeces 
( biodeposits ). 
Studies with fluorescen t min eral s indicate that many silt and clay 
pa rti cles associated with biodeposits a re flu shed from the bottom surface 
soon after depositi on. H owever, measurable quantities are incorporated into 
subsu rface deposits by waves and currents or by bottom invertebrates . 
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OYSTER DRILL CONTROL 
In the spring of 1963 the Department began a field study of the use 
of chemicals to control drills in cooperation with the Tet'l'Y Brothers Oyster 
Company at Willis Wharf. Two half-acre plots in Hog Island Bay were 
seeded with 100 bushels of seed oysters each. One plot was kept as a 
control. The other was treated with a recommended mixture of two toxi-
cants mixed with kiln dried sand: Polystream, a mixture of chlorinated 
hydrocarbon, and Sevin, a naphthyl methyl carbamate. 
During the following months no ,reduction in drill population was 
observed in the treated plot. Such invertebrates as grass and manta shrimps 
were highly susceptible to the chemicals. 
MILFOIL CONTROL 
Work is still in progress on control of the Asiatic milfoil, a water 
weed that has become a pest in Virginia creeks s ince 1959. Results indicate 
that at least temporary control may be obtained by a tl·eatment with 100 
pounds of pelleted 2,4-D (20 % a.e.) per acre appLed during the last week 
in May or the first weeks in June. Caged crabs, fi shes and oysters in the 
treated area showed no mortality attributed to the chemical. However, 
a reduction in number of bottom invertebrates was associated with habitat 
change or with anaerobic conditions. The extent to which 2,4-D will be 
used in estuarine waters will depend on studies to determine possible resi-
dues in oysters and associated marine organisms. 
PLANKTOLOGY SECTION 
BERNARD PATTEN, Scientist-in-Cha1·ge 
RICHARD A. MULFORD ----- --- ----- -- ---- ----- --- --· ·-------- ------ --------- -- --- --- Research Assistant 
YORK RIVER PLANKTON STUDIES 
The methods and techniques used in the classical lig·ht and dark bottle 
method for the measurement of primary pt·oductivity were evaluated by 
statisical procedures . It was found that neithet· the position of the bottles 
during incubation nor agitation influenced results. The t est s indicated 
that the quantity of Winkler reagents added to the bottles was critical and 
field techniques were altered accordingly. 
Between June 1961 and July -1962, fifteen experiments on vertical 
distribution and sedimentation rates of seston in the York River were per-
formed. Sedimentation rates , especially of inot·ganic material, increased 
with depth. Although concentration also increased with depth, no simple 
correlation between flux and concentration was observed. The ratio of 
organic sedimentation to inorganic decreased consistently with depth. 
Various ot·ganic and inorganic nutrients and trace metals were added 
to plankton samples from the York River. Production during 24 hours 
was compared to controls. In general, nitra te and phosphorous were found 
to fig·ure most significantly as limiting nutrients. 
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PHYTOPLANKTON SAMPLING 
Vertical pump samples of phytoplankton and accompanying hydro-
g raphi c data were obtained on seven crui ses over the continental shelf off 
Virginia and from sixteen stations from the mouth of Chesapeake Bay 
t o fres h water in the Pamunkey River. T'he samples were preserved and 
catal ogued in the laboratory. Over 70'0 sampl es ha ve been processed and 
a permanent s li de prepa r ed for each. 
On the basis of these collections, detailed work has been done on 
selected com mon genera to determine their seasonal and geographical di s-
tributi on in offshore waters. Studies on genera Ce1·atium and Chcwtocenrs 
have been completed an d work on the silicofl agellates is in progress. 
CONTRACT WORK FOR OFFICE OF NAVAL RESEARCH 
F-ielcl Stuclies.- Seveml productivity studies have been completed on 
th o York Rivel'. The ma in objective of these studies are to obtain graphs of 
production a s a function of sample collection and suspension depths with 
more co mbinations (6x5 = 30 points ) than in preceding experiments of the 
ser ies. 
Culture E xpe?·iments.- Four ex periments have been ma de with unial-
gal cu ltu1·es to study various aspects of g rowth curves in relation to car-
bon-14 a ssimilation, biomass, a nd caloric content. Two dia t oms (Nitzchia 
closte?·iu·m and Skeletonema costatu.m.) appear to be mutually synergistic 
in that steady-st ate population s ize was conside rably la r ger when they were 
grown together than when grown s in gly. Results with C 1·1 were enatic, 
possibl y due to self -absor ption problems. In general C I ·I activity increased 
with popu lation developmen t, a nd was double for mixed cultu res at steady 
state compar ed to sin gle s pecies cu ltures. 
Calo·rirnetry .- Determinations of caloric valu es are bein g pel'formed 
on both natural a nd cultu red materi a ls. Some r esults are: 
Cu. lh.r1·e 
I soch1·ysis 
N itzschict closter ium 
Skeletonem.n costcttwn 
H eat of Combustion (g cctl/g) 
4878 
3007,2873 
1819,2252 
Mocle ling.- A mathematica l model of energy-depth rela tionships in 
p lankton has been formulated . A new depth, cancella tion depth, is defined 
a s the depth at which integra l r espiration from surface t o bottom is ex-
actly equall ed by integral p hotosynthesis above. Nume1·ous expressions 
for integral production variables, compensation depth and cancella tion depth 
have been derived based on various assumptions as to the relationship of 
photosynthesis to light in tensity. T'he model is defi cient in making· no 
provis ion for a steady biomass, and further corrective work is pending. 
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PHYSIOLOGY SECTION 
LANGLEY WOOD, Scientist-in-Charge 
RoBERT E. L. BLACK ·--------- --·----- -- -·---- -- _____ Associate Marine Scientist 
JoN SHIDLER --- --------- -- ----- ----- ------ ---- ______ ___ Laboratory Technician 
BEVERLY ROBERTS -- -- -· -- --- -- ----- ------ ---- -- -·-- ---- --- -·--·--· __ ____ Laboratory Technician 
CONTROL OF OYSTER DRILLS 
The effects of two pesticides, Polystream and Sevin, which had been 
proposed as control agents for the oyster drill, w ere determined. In lab-
oratory experiments, Polystream kill ed drill s both with and without the ad-
dition of Sevin to the formula. It was concluded that under the conditions 
of the experiments, Sevin (an established killer of blue crabs ) was un-
necessary. 
In connection with predator control problems rai sed by two engineer-
ing proposals (the Salem Church Dam across th8 Rappahannock River 
and th e deepening of the James River Ship Channel), the salinity tolerances 
of oyster drill s were r e-examined in laboratory experiments. It was found 
that the local populations of drills were probably more tolerant of low 
salinities than has been previously reported. 
The inc1·ea sing possibility of biolog ical control of oyst er drills emer ged 
from the di scovery that a locally abundant crab (Eu1·ypmW7J eus dep1·essus) 
could consume oyster drills in their young·er stages, as shown by labora-
tory observations. Field studies of thi s r elationship are planned. 
REPRODUCTIION IN OYSTER DRILLS 
The f unction and structure of various layers of the egg capsule of 
U1·osalpin:>:: are being studied by experimental and histological t echniques. 
The development of Uro salpinx embryos is bein g described by means 
of hi stological and microphotographic techniqu es. The value of such a 
study a s this is to provide a basis for future comparisons of experimentally 
treated embryos to "normal" embryos. 
F emale U1·osalpinx f rom the East ern Shore popula tion s of " giant 
screw borers" have been isolated from all contact with males . The purpose 
of this isolation is to provide th e Institute with an experimental group of 
infertile femal es. Given such a g roup , controlled studies can then be made 
of the processes of fertilization, sperm latency, and the inheritance of 
genetic characteri stics in controlled breeding studies . 
ENZYME DEVELOPMENT IN BIVALVES 
Attempts have continued to obtain information about energy-producing 
reactions in oyster egg·s. 
The s tarch-digesting enzymes of larval and adult biva lve mollusks 
have been studied as a natural consequence of the evidence provided by the 
Department of Applied Science that oysters can grow on a diet of sus-
pended starch. 
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Attempts to identify proteins present in clam styles by electrophorsis 
have been beg·un. At least four such proteins have been shown to be present, 
though none have yet been characterized. 
ATTRACTION OF OYSTER DRILLS TO PREY ORGANISMS 
It is well known that oys ter drill s locate their bivalve prey by means 
of odors produced by the Jiving prey. Just how drills detect these odors 
is poorly understood, and it is hoped that a clearer insight into the problem 
will be obtained from several s tudies: 
1. By means of hi stological and resective techniques, in cooperation 
w ith the Department of Microbiology, the function and structure of pedal 
chemoreceptors in oyster dri ll s and other gastropods are being studied . 
2. Despite its apparent s implicity, the oyster drill is capable of di s-
playing· considerable adaptabi li ty in its attack upon its several species of 
prey. The variability of these behavior patterns und er th e controlled con-
dit ions of the laboratory constitute an important area of research. 
3. A possible source of the odor which attracts the oyster drill to 
its prey is in the excretion of nitrog·enous products by the prey. These 
excr etory p1·oceses, particu larly with reference to amino-nitrogen con-
taining chemicals, are being investigated by several means. 
GRADUATE STUDENT PROJECTS 
1. The phototactic responses of the isopod, Ligia exotica., in relation 
to other parameters of an experimental environment has been studied by 
John Vogel. 
2. Robert Miller is compl eting an investigation of the osmoregulatory 
processes of a mysid shrimp which is found in Virginia's waters in a wide 
range of salini ty and temperature. 
PARASITOLOGY SECTION 
WILLIAM J. HARGIS, JR., Scientist-in-Cha1·ge 
JAMES S. STERLING . ... ... .... ... ..... ....... .. ... ... .......... ... ....... ..... ...... Research Ass istant 
Wn.LIAM S. WILSON ...... .. ..... ..... ... ....... .......... ... Research Assistant 
WILLIAM SAUNDERS 
... ......... .... Research Assistant 
Und er contract to th e National Ins titutes of Health, the Institute is 
continuin g· its study of the fl atwo1·m parasites of fi shes of th e Atlantic Coast 
and Chesapeake Bay. Many new paras ites have been identified and a great 
deal of information concerning the host-parasite relationships gathered. 
When thi s work is completed we will have a much better idea than formerly 
of thi s g-roup of paras ites and thci r effects on the hosts. 
An interestin g study of the monogeneids (ectoparasit ic flatworm) of 
menhaden is continu in·~·- The likelihood that these worms may se1·ve a s 
living· tag-s to identify th e geographical source of var ious g-roups of men-
had en seems g- reater than before. If thi s does prove possibl e, it will pro-
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vide a rapid, inexpensive and more reliable means of studying the move-
ments and life histori es of these fish than now ex ist s. It will, in some 
mea sure, eliminate the necessity for tagging. 
The work on parasites of antarctic animals being canied forward by 
this Institute with complete financial support from the National Science 
Foundation and the Arctic Institute is pro6ressing well. When these 
studies are completed the Commonwealth will have contributed materially 
to the nation's scientific effort in the post-IGY antarctic program. The 
two young fi eld scientists who served at the South Pole have r eturned to 
their studies at the College of William and Mary. 
EASTERN SHORE LABORATORY 
MICHAEL CASTAGNA, Scientist-in-Charge 
PAUL CHANLEY -----· -- ---- -- · -- · ---· -- -- ---- -
RANDY D. HICKMAN ------------- ------- -------- ---
RoBERT S. KELLY -----------------------------------------------
M. JANE WARD ------------------ -- ·-------- -- -------------------
.. Ass i ~bnt Marine Scienti st 
__ __ Laborato1·y Technician 
.. Laborato1·y Technician 
____ . __ ___ __ _ -- ------------- ___ .. Secretary 
A new permanent laboratory was completed in February 1962 to re-
place the temporary quarters occupied since August 1959 in the Wacha-
preague Marina. The new building, 2,360 square feet, contains tables sup-
plied with running sea water, offices and work space for several scientists 
and limited living quarter s. 
Two investigators, two technicians, and a secr etary work fu ll time 
at the laboratory. These are augmented by summer investigators , and 
regular visits for field work are made from the Institute at Gloucester 
Point. 
The scientific program is integrated with the regular Institute programs. 
This includes extensive collections of local plants and animals. Special 
effort is devoted to oyster problems in support of the important Eastern 
Shore shellfi sh industry. 
OYSTER DISEASE STUD-IES 
As mentioned above, a new disease organism was found in the area 
and named by Institute researchers. The ecological and g·eographical limits 
of the di sease as well a s its sea sonality were determined by collections made 
out of the Eastern Shore Station. 
The fungus De?'?rwcystidiwn mw··inum. is still the principal organ ism 
associated with oyster mortality in Bayside creeks . Since the fungu s ap-
pears to be absent from the Seaside, experiments have bee n . started to 
determine whether some inhibitor might be present there. Methods of 
transmission are also being studied. 
IDENTIFICATION OF BIVALVE LARVAE 
There are probably about 70 species of bivalve mollusk s found in 
Virginia waters. Work is presently in progress to artificall y spawn, grow 
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to setting-, id entify a nd describe the larvae of as many of these species 
a s possible. The data will eventually be utili zed in a much-needed key t o 
the bivalve larvae of Virg-inia . 
OTHER INVESTIGATORS 
The s tation is cooperating- with the Department of Applied Science 
in chemi cal treatment for control of oyster drills A marsh ecolog-y study 
is presentl y in prog-ress. Continuing collect ion and studies of a ll plants 
and anima ls of t he area are being mad e in connection with a ll field work. 
A survey of Metompkin Bay is being made in cooperati on with representa-
t ives of th e U. S. Department of River Basins. 
F ield trips are often arranged for hig h school and college students , a s 
well as for Scout troops and other vis itors. High school students have been 
a ssist ed in various science projects . 
LIBRARY 
EVELYN C. WELLS, Lib·rct·rian 
The cataloging of t he library collections was completed during the 
pas t biennium. The fi lm collection of approximately 200 film strips has 
a lso been cataloged an d fil ed in plas t ic containers. 
During t he fis cal year 1962-1963, 198 books and 27 seria l publications 
were added to the library, in addition to a number of unaccessioned photo-
prints, film strips and pamphlet s . 
Bound contributions of the Institute, containing seventeen reprints, 
for 1962 were distributed in April 1963. Ten Special Scientific Reports by 
various staff members have a lso been di stributed. 
ROilimT S. BAILEY 
FRED C. BIGGS 
PUBLIC INFORMATION 
....................... Information Officer and Director of NSF 
S ummer Prog rams 
.... ... .. ............... Associate Information Officer 
MRS. BEVERLY ASHE ..... .............. .. .. .. ... ..................... ........ ............ ........... Secretary 
During the yem· 1962-1963 th er e were a total of 4,031 vi sitors at th e 
Inst itute. These included 205 s tud ents from 11 colleges and 1,729 students 
from 53 elementa ry and high schools who attended lectures ot· demonstra-
tion s. Out-of-state an d foreig·n vi s itor s totalled 286. In addition to lectures 
at the Inst itute twelve lect u r es were g iven to clu bs. 
Among- othe1· activiti es, the In formation Officer served a s cha irman 
of the Resource-Use Education Coun cil of Virgini a. He gave ins truction 
on marine science at short courses sponsored by t he Council at Virginia 
State College and at the Coll ege of William and Mary. Several member s 
of the Ins titute staff ac ted a s judges in science fa it·s . E x hibits we re set 
up each year at both the Glouceste r County Fair and t he Virgin ia State 
Fair. 
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Frequent press relea ses were sent out about important activities of 
the Institute. Fifty-one wer e mailed in the year 1962-1963 to a list of 320 
names on the regular mailing list. A pamphlet of the Educational Series , 
"Salt-Water Aquaria," was revised and di stributed widely to schools. Re-
quest s for liter a ture on various phases of marine science continue ; over 
1,800 pieces have been mailed, most of them to elementary and high school 
students and teachers. Approximately 75 letter s we1·e written to answer 
specific requests for information. About 45 inqui1·i es were received by tele-
phone or from personal visitors. 
Photographic work has grea tl y increased with increased demands 
from the larger staff. Pictm·es from s tock ha,ve been suppli ed for use in 
publ ications of Am.e·ricctn Ox fo·rd Encycloclepia , N u.t'ionctl Fishen nan and 
the Patuxent Wildlife Research Centel'. 
We have acquired a Nord copying machine which enables us to sup-
ply staff member s with copies of literature not readily ava ilable in t he 
library. This machine along with a new F otorite Rapid Print Processor has 
g reatly expedited preparation of news , pictures a nd copy work. We hav e 
also acquired a new Bolex 16 mm moving picture camera to docu men t r e-
search work. The r esultin g moti on pictu res a re valuable for use in sem-
inars and lectures. 
RESEARCH TRAINING PROGRAM 
SCHOOL OF MARINE SCIENCE OF 
THE COLLEGE OF WILLIAM AND MARY 
The Institute, from the earlies t clays, has been engaged in t eaching·. 
The r evised Code continues this function a nd extends it by settin.g the stage 
for a Ph.D. program. 
For several years graduate students have been admitted through th e 
College of William and Mary, Willia msburg, Virginia. Staff member s m ake 
up the faculty of the School of Marine Science at the College. Successfu l 
candidates, after one or more years of study at Gloucest er Point, are 
awarded the Master of Arts degree by the College. Advanced undergradu-
ate students a re a lso admitted to courses offered during the summer session. 
During the school ,year 1961-62, eleven graduate students were en-
rolled at Gloucest er Point. Of these s ix received degTees in 1962. Theses 
submitted are lis ted with publications at t he end of thi s r eport. Nineteen 
graduate students were enrolled in the session of 1962-63. Five of th ese 
are expected to be candidates for degr ees iH August 1963. 
SUMMER TRAINING PROGRAM 
For several yea rs the Ins titute has participated in a training program 
sponsored and finan ced by the N ational Science Foundation. Thi s program 
is divided into two parts , one for college teacher s an d one for undergradu-
ate students. Both gr ou ps are selected f r om numer ous applicants on the 
basis of record s, r ecommendations a nd suitability of proposed projects t o 
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the locati on. The teache t·s , in general, work independently in cooperation 
with one or more staff members. Each student is a ssigned to a ssist a staff 
member in his research and is expected to work out a problem of hi s own. 
The N.S.F. program is under the direction of Mr. Bailey, In formation and 
Education Officer. 
Smnme1· of 1961.-During thi s summer s ix college teachers carried 
on research proj ects at the Institute. 
Researcher 
Roland W. Batten 
Frederick College 
Pcrtsmouth, Virginia 
Alan I. Gevers 
St. Mary's Semina ry Junior Colleg·e 
St. Ma ry's City, Maryland 
James D. Long, Ph.D. 
Sa m Houston State Teacher s Coll ege 
Huntsville, T exas 
J esse C. Thompson, Jr., Ph.D. 
Holli ns College 
Hollins, Virginia 
Lawr ence J . Tilly 
James town College 
.Jame:, town, North Dakota 
Gil bert S. Trelawny 
Delawa re Valley College of Science 
and Agri cul ture 
Doyles town, Pennsylva ni a 
Project 
Bottom sediments in York River 
and Chesapeake Bay 
The effect of turbidity on the rate 
of f eeding of My ct a1·enwr·ia L. 
A comparative examination of the 
effects of marsh conditions on the 
distribution of mosquito eggs 
The morphology and taxonomy of 
marine ci liated Protozoa 
E xamination of distribution and sur-
vival of certain a nemones with ref-
er ence to physical facto1·s of salini ty, 
oxygen and temperature 
Marine fi sh and invertebrate ti ssue 
culture in conjunction with virus 
studies 
T he following ten s tud ents worked under direction of st aff member s 
on r esearch problems : 
Loui s S. Allen, Jr. .. .. . .. Un iversity of Ri chmond, Ri chmond , Virginia 
Ronald A. Ander son ... ... F enis Institute, B ig Rapids, Michigan 
Martha M. Dyson .. ........ ....... .... ... ...... .. ..... .... Oberlin Coll ege, Oberlin, Ohio 
Da ryll C. Bo1·st ...... .... .... ... .............. .. .. F erri s Institute, Bi g Ra pids , Michi gan 
Nessly C. Cra ig ... ..... .. .... ... .... . .... .... .... ...... .. Reed College, Portland, Oregon 
Dor oth y Gui ld .... . ..... W ill iam and Mary, W illi amsburg , Vi rginia 
Donald E. Keith . . ....... ... T exas Chris tian University, Fort Worth, T exas 
Steve Lomvardias ... ...... W illi am and Mary, W illi a msbm·g , Virgin ia 
Mon is H. Roberts, Jr . ... ............................ .... Kenyon College, Gambier, Ohio 
Bert Sha piro ... , ................ Swa rthmor e College, Swarthmore, Pennsylvania 
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Summer of 1.962.- The program was expanded to include eig·ht teach-
ers. Mr. Batten and Mr. Trelawney returned to continue studies begun in 
1961. The other participants and their projects were : 
Researcher 
Charles F. Cole , Ph .D. 
University of South Florida 
Tampa, Florida 
Rot ert L. Elli son, Ph.D. 
Unive r s: ty of Virgini a 
Charlottesvill<.!, Virginia 
Lyman R. Emmons, Ph.D. 
Washington and Lee University 
Lexington, Virginia 
William E. McCaul 
East em Illinois Unive1·sity 
Charleston, Illinois 
R. Nagabushanam, Ph.D. 
Xavi er Un iver sity 
N ew Orlean s, Louisiana 
William W. Scott, Ph.D. 
Virg inia Polytechnic Institute 
Blacksburg, Virginia 
Project 
Population analys is of darter s , Eth-
eostoma olmstedi, from streams of 
Tidewater Virginia 
Benthic Foraminifera of the Rap-
pahannoek River 
Cytolog ical !;tudy of ti ssue culture 
cell lines in the hog-choker (Tn'nect cs 
nwcula.t11S) 
T axon omy and dis tribution of the 
rhynchocoel memerteans in Virg inia 
water s 
The effects of hormon es on oyster 
spawning 
The phycomyce tou s flora of water, 
mud and bottom sediments 
The following ten students participated in resea rch proj ect s : 
Adrian Lawler --·- ---- ·-- ----Rochest e r University, Rccheste r , N ew York 
Ronald A. Ander son --······-···- -·-----·· ······Fenis Institute, Big Ra pids , Michigan 
John W. Bom ...... ....... ............ ............. Ohio State Universit y, Columbus , Ohio 
Cal'! S. Hacker .. .......... ... ............. William and Mary, Willi amsburg , Virginia 
John E. Hu ghes ---------- ----· ........ Comell Univer s ity, Ithaca , N ew York 
Robert H. Hunt ... . .......... ... .. Texas Chri stian Univers ity, Fort Worth, Texa s 
Sally Y. Long __________________________ __ William and Mary , Willi a msburg , Virginia 
Thomas L. Peny ---- --- ------ --- ---- ... University of North Carolina, Chapel Hill, 
Ann Thompson .. ---------------------
Teny L. Tilton 
North Carolin a 
.Chri stopher New port, Norfolk, Virginia 
....... Earlham College , Richmond, Indiana 
PERSONNEL CHANGES 
Since the last r eport pe1·sonnel changes r eflect the gTowth and change 
in the Institute. The professiona l and technical staffs have incr ea sed by 
four each. There ha s been an increase in supportin g personnel of seven, 
the most important addition being three crew member s for operating lab-
oratory vessels . 
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Mr. Michael Ca stagna was appointed a s Assist a nt Mal"ine Scienti st 
in F ebruary 1962, to r~place Mr. Hinton R. Roese a s Scienti st-in-Charge 
of the Eas tern Sh01·e Sta ti on at Wachapreague. Mr. R oese ha d res igned 
in J a nuary to resume hi s g raduate s tudi es at the University of Texa s. Mr. 
Castag·na came to u s f rom th e U . S. Bureau of Commercial Fi sheries Lab-
oratory at Franklin City, on the E astern Shore of Maryland. H e has had 
vari ed experi ence wit h ma rin e fi shes a nd shellfish . 
In May of 1962 Dr. Wyma n H a rrison, fo t·merly Associate Prof essor 
of Geolog·y at the Norfolk College of Willi a m and Mary was appointed 
Associate Marin e Scient is t a t the Institute. After obtain in g· hi s Ph.D. f rom 
the Univer sity of Chica g·o, he worked on the Indiana Geolog·ical Survey 
a nd then tau ght geology at Da rtmouth College, bef or e moving· to Virginia. 
Mr. Paul E. Chanley, for merl y a t the U . S. Fish a nd Wildlife Service 
Laboratory at Milford, Connecticut, was a ppointed Assistant Mat· ine Scien-
ti st in June 1962, a nd a ss igned to th e W achapreague branch labora tory. 
Hi ~ fi eld of interes t is bivalve larvae culture and identificati on . 
Mr. Willi a m H . Massmann, with the In stitute since 1948, r esigned 
hi s posit ion a s Associa t e Marine Scienti s t in J a nua ry 1%3, to beco me a ssist-
a nt executive vi ce-presid ent of t he Sport Fishin;s Ins titute, W ashingt on, 
D. C. Through t he years he wa s active in investi gati ons of sha d, striped 
ba ss, menha den, t r out a nd croaker. Dr. W. J ackson Da vi s was a ppointed 
Associa te Marine Scienti st in June 1963, to r epl ace Mr. Massma nn . A 
na ti ve of R ic hmond, Virgini a , Dr. Da vi s came to Gloucester P oi nt from a 
teachi ng p osition a t Wes tem Michigan Unive1·si ty. H e earn ed hi s Ph.D. 
deg ree from the U nivers ity of Ka nsa s in 1959. 
Mr. Dean P. Owens, f rom th e J ohn s H opkins School of H ygiene an d 
P ubli c H ealth, a nd Dr. Ra lph R. H a th a way, presently occupyin g a post-
doctoral f ell owship a t t he Medi ca l College of the U ni ver sity of U ta h, ha ve 
accepted positi ons a nd a r e expect ed to t a ke up their duti es at th e Institute 
du1 ·in g th e summer of 1963. 
RECOlVIMENDA TIONS FOR 
FUTURE DEVELOPMENT 
A s a 1:esul t of continuing s t ron g sup port from t he Gener a l Assembly 
Virg·in ia's effor t in ma rin e sci ence has gTown in s ize a nd effectiven ess 
<luri ng the pas t five yea rs . In t he Ins titute 's Capita l Outlay Study for 
1962-1968 , t he time schedule p1·orosed to devel op the needed capabiliti es of 
t hi s agency call ed .for ma jor additi ons of per sonn el a nd fac iliti es in the 
biennium .1962-1964. So me of these additions h ave been ma de. H owever, be-
cause the p r oposed n ew t·escm·ch building was not authorized by the la s t 
General Assembl y, t he imp roved pr ogTa m cannot l::e r ealized fo r at leas t 
t wo more yea r s . 
F or t he biennium 1964- 1966, a to t a l of abou t $800,000 h a s been re-
qu ested .f01· capi tal ou t lay. More t han ha lf of thi s a mount is needed f or the 
n ew 1·esearch buildin g·. 
Add itions to the staff a r c needed to meet expa ns ion plans for t he next 
bien n iu m. I n t he cunen t budg-et request s were made fo r appointmen t of 
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13 scienti st s and 19 technicians. The needed ~cientists include: A senior 
marine scientist, a marine geologist and a physical oceanog1·apher for the 
Department of Physical and Geological Oceanog raphy; three scientists for 
Ghe important shellfish di sease and breeding programs ; a mar~h ecologis t; 
two new staff members to expand the pollution ecology research program; 
lin additional icthyologist; a zooplanktologist; two junior ::;cientists to 
strengthen pan1sitology and data processing. 
Some plans for future research are mention ed under the reports from 
the various depm·tments. The Institute would particularly like to expand 
activity in th e following fields : 
l. Oceanography.- Much work needs to be done in hydrog raphy, vital 
to the fi shery and biological inves t i gati~ns of the Institute. The under-
water mineral resources of Virginia need t o be investigated fer possible 
exploitation. 
2. Larval Development.- Within Chesapeake Bay important fi sheri es 
are based upon the blue crab, the oyster, menhaden and such fish es as 
croaker, spot and gray trout. In the past, r esearch has teen largely devoted 
to abundance, distribution, and effect s of fi shing on adults. All of these 
species have great reproductive abi lity. What becomes of the fantastic 
number s of eggs and larvae they produce ? What nutritional and di sease 
factors govern how many reach maturity? We need answers to such ques-
tion s : detailed scient:fic answers. 
3. Fouling Organisms.- One estimate is that the annual total cost 
to the Navy alone for the protection and maintenance of vessels , harbor 
stl·uctures and other exposed equipment against marine biological damag·e 
and fou ling is 100 million dollars . New basic information about the biol-
ogy and behavior of the organisms r esponsible for deteriorat ion of mater-
ials is essential. Knowledge of life cycles and behavior will reveal the 
"weak links" in the chain of events. Traditionally these "weak links" 
when di scover ed are the best places to attack the responsible org·anisms. 
4. Succession of marine forms .- A vast number of species inhabit 
marine waters. Each takes its sustenance from the water and 1·eturns its 
wastes and eventually its body. These pt·ocesses change the envi1·onment 
of other organisms. We know that in our estuarine waters myriads of 
mic1·oplants sometimes cause a red coloration which is a ssociated with 
bad effects on fishes, shellfish and larval form s. We suspect that certain 
prior water conditi ons may set the stage for the occunence of red water . 
What these are we should learn . 
We also need to know more about the ma ny miles of salt marshes 
along the coast, to determine what r elation th ese marshes have to the life 
history of fi shes, and shellfishes. 
SUMMARY 
The oyster industry is in a difficult position. Rented g-round s in high-
salinity waters have been ravaged by disease and have produced very 
little sinc1 ~ the summer of 1961. There is evidence that the James River 
seed area, the most important in the world, has had no appreciable set in 
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two yean' T he Ins titute ha ~ attempted to keep the industry in formed of 
condit ions as th ey have developed. It is undertakin :; a program of rearing 
disea se-re ;i s tant oysters. Meanwhile, increasing pressures for engineerin g 
p rojects , >uch as dam s and channel dredging, the di scharge of pollution 
of a ll ty_) eS and the compet iti on for resource-use are bringing g reater 
difficu lti ! s . S in ce t he valuabl e oyster industry is the fishery most amen-
able to manag-ement, it mu~t not be written off. Revival depends on more 
bas ic r esearch into t he problems a nd improved public and private manag·e-
ment. 
There have been pt·oblems in th e fin fi sh industry a lso. Some stocks 
are extr emely low. As bay fish eries have declined there has been an increas'~ 
in winte r offshore traw li ng-. Sport fishe1·men have fou nd abundant s triped 
bass and bl uefi s h. 
Bas ic 1·esearc h in ic hthyo!o·~y has been intensi fi ed. Alt houg-h our 
understanding- of the breeding- of cl'Oaker s offshore is far ft·om satisfactory, 
the situation may chang·e if stocks in crease. Eggs o.l' bluefish we1·e identified 
and evid ence of s pawning- obtained 40-80 mil es off t he coast of Virg-inia. 
Black drum eggs were hatched for the first time. This permitted study 
of spawning of the species . 
Investigations of new fabrics for crab pots has continued. The esti-
mation of crab abundance based on experimental trawl catches of young 
crabs in th e York River has been continued and a s imi lar trawl survey 
initiated in t he Rappahannock River. Althou g-h foreca st s of the commer-
cial catch have been r emarkably accurate, for unknown rea sons t he fo r e-
cas ts for t he wintet· 1961-1962 was fot· a small catch and yet a record com-
merc ial catch was obtained . There are poss ibl e explanations for the di s-
parity, but litt le concrete evidence :for any o:f them a s yet. Taging studies 
indicate t hat cntbs may move in to the bay hom offshore waters. If suf-
ficient numbers were involved th is mig-ht possibly account :for some of t he 
new beds r eported by dredgers. 
Sampling of th e benthic fauna has been extended to new area s in clu d-
ing- th e bottom off the Atlantic coast. A cons idm·able fraction of the bay 
effort was carr ied out in t he area o.f dredging a nd spoil di sposal of the 
Baltimore s hip channel, s upported by .funds from the U. S . Army Corps 
of Eng-ineers . 
Problems connected with pollution continue to in c rea se . Cooperation 
and coord ination wi th ma ny other agencies is involved, e .g. the State 
·water Control Board, the Sta te H ea lth Department, the Commission of 
Fi ::;heries, th e Hampton Road s Sanitation District. Com mission and various 
f ederal ag-enci es. Studies have involved choice of locations for subaqueou s 
efflu ent outfall s , effects of dredg- in g a nd spoil di sposa l on the marine en-
vironment, co ntamination by clu ck farm effluents, t·ad ionuclide monitoring, 
and cau ~:;cs o.f fi sh-kill s . Somewhat different practical problems involve con -
trol of plant pest s , such a s Euras ian watet· milfoil infestin g creeks, con-
trol or avo idance of foulin g o.f ship condenser s by aquatic ot·gani sms , and 
the :feas ibi li ty o.f chem ical control of predators on oyster beds . 
Fundamental investig·ation s have been carried out on the productivity 
of tidal waters , includ ing bacteria and the plankton which is the ultimate 
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food source for estuarine and oceanic an imals. Al so, basic studies on phy-
siologicy and embryology of our marine populations have received in-
creasing emphasis. 
Activities of the Physical and Geological Oceanography Department 
have greatly increased to cover hydrographic studies formel"ly carried out 
on a contract basi s by Chesapeake Bay Institute. During the report period 
hyd1·ographic studies have involved: in shore ci1·culation off Virginia Beach; 
offshore temperature and salinity patterns, circulation of water in the 
Hampton Roads area; effects of flooding on the James River; hydrologic 
characteristics of the Rappanhanndck River; and exploratory studies on the 
use of continuous recording instruments at stn~tegi c locations in Virg·inia 
tidal waters. 
The number of graduate students has been g-r :Jwing eaeh year. With 
increased staff and facilities, the Institute hopes to tc able to offer com-
plete trainin~~· in biological and physical oceanography . 
The new permanent laboratory at Wachapreague, on the Easten1 
Shore, enables the Institute to deal more effectively with interesting l i:J-
logical problems peculiar to the environments found in the salt marshe:.; 
and inlets of the Atlantic coast of Vi1·ginia . 
APPENDIX 
A. STAFF OF VIMS FOR THE BIENNIUM 1962-1963 
The following li st includes all persons employed by the Institute fo1· 
any part of the biennium, with the exception of summer aides. In addition 
to fu ll-time staff in residence at Glouceste1· Point and Wachapreague, it 
includes research associates at the College of William and Mary and othe1· 
in stitutions, a s well as in s tructors in summet· eourses. 
SCIENTIFIC STAFF 
William J. Hargi s, Jr., Ph.D. 
John L. Wood, Sr., Ph.D . 
Jay D. Andrews, Ph .D. 
Moni s L. Brehmer, Ph.D. 
Edwin B. Joseph, Ph.D .... . 
Willard A. Van Engel, Ph.M.-
Robert E. L. Black, Ph.D. 
William J. Davi s, Ph.D. 
P. Wyman Harrison, Ph.D .... 
Dexter S. Haven, M.S ... 
William H. Massman, M.S. 
George Moskovits, Ph .D. . ... 
Maynard lVI. Nichol s, Ph.D. 
* Jo:ned s taff during report period 
Left s tuff during repo rt period 
. ..... ... .. .. Director 
.Assistant Scientific Director 
Senior Marine Scientist 
... ... . Senior Marine Scientist 
. .. Senior Marine Scientist 
. .... Sen io1· Marine Scienti st 
.... ..... Senio1· Marine Scienti st 
.... Associate Marine Scientist 
. . .... Associate Marine Scientist•:• 
... . Associate Marine Scientist 
. ............ Associate Marine Scientist 
. .. .... Associate Marine Scientist·r 
. ... ... Associate Marine Scienti st 
.. Associate Marine Scientist •:• 
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J oh n J . Norcross, M.A. --------------- ---· ----- -- .... . Associate Marine Scientist 
Bernard C. P a tten, Ph.D . --- ---· ···----··- ........ Associate Ma rine Scienti st 
Marvin L. Wass , P h.D . ------ --------- ..... Associate Marine Scientist 
Langley H. Wood, M.A. _____ ....... Associate Ma rin e Scienti st ''' 
Mi chael N . Castag-na, M.A. . .... ... Assi stant Marine Scientist''' 
Paul E. Chan ley, B.A. ____ ------------·--·---- ·--·- ------ -- ... Assistant Marine Scientist ''' 
Clarence E. Richards, M.S. ----- ------··-·-- ---· --- --- ---- --- --Assistant Marine Scienti st 
J. Ernest Warinne t·, M. A. -------------· ·------ --------·------Assistant Marine Scientist 
James P . Whitcomb, M.S. ----------------------- -·----- ------- -Assistant Marine Scientist 
Frank J. Wojcik, M.S. -------- ---- -·----- _______ ___ _____ ___ ..... Assistant Marine Scientist 
Dana W. Eldridg-e , B.A. ----- --------- ------ ---- .. ·-- --------------------- ------ Resear ch Assistant 
Hinton D. Hoese, M.S. ... ----·-- ------ -- ---- ------------ Research Assistanti" 
Reinaldo Morales-Alamo, B.S. ----- --- ------ ----------- ---- ---------------Research Assistant 
Richard A. Mulford, B.S. . ..... ... ........ __ ________ ______ __ ______ Resem·ch Assistant 
Wesley L. Rouse, B.A. ------- --·-- ·- ---- ......... Research Assistant''' 
William Saundet·s, B.A. . ...... ........................... .... ............. Research Assistanti" 
J ames S. Sterling-, B.S . ... ............. .... . ........ .... .... .. .. .... ....... Research Assistant 
Willi a m S. Wilso n, B.S. ... . ............... ........ .. .. .. .. Research Assistant·!· 
William B. Tatter son, Jr. , B.S. . .... ................ ...... Research Assistant*·!· 
A. R. Armstrong-, Ph .D . .............................. ......................... Associate Scienti st 
Mitchell A. Byt·d, Ph .D . ....................... .... ... ..... ............ ... .... Associate Scientist 
Cla rence D. Cones, M. Aer o. Eng. .. .................................. Associate Scientist 
Bruce W. Nelson, Ph.D . .. ...................................................... Associate Scientist 
Robert P edi go, Ph.D . ..... ..... ..... .............. .. ......................... .. Associate Scientist 
Jacques S. Zaneveld, Ph.D. .. ................................................ Associa te Scienti st 
Robert L. Ellison, Ph.D. . ...... ..... ....................... ...... .... ..... Associate Scientist 
W illi s G. I-I ewatt, Ph.D .. ----·- ----------- ------ --- ................. ........... . Vi siting Scientist 
Er ic P engell ey , Ph.D . ................................ ............ .. ................ Vi siting Scientist 
Weston Eayrs, III, B.S. ..... ... ............... .. .... ... ............ Laboratory Specialist ''' 
Dorothy K. Emory .. .............. ........................ .................... Laboratory Spec ialis t'!" 
Patricia A. Turner ............... ........................... .. ............... Laboratory Speciali st·!· 
Marcia P . Bigge r .... ......... ............................. ...... .. ....... La boratory Technician * 
Lloyd C. Carlton .............. .. .............................. .............. Labor atot·y Technician'f 
Clarence J . Croswel l .............................. ...... ........ ............ Labo1·atory T'echnician 
Willi am T. Davis ............ .............. ................ .......... ...... . Laboratory Technician'f 
John H . Harwood ...... .. .. ..................... ...... ......... La boratory Technic ian ''' 
P eter M. Healy .... . ......... .. ............... ........ ................ Labora tory Technician *i" 
Randy D. Hickman ..................... ....... .. ............ .. ..... Laboratory Technician''' 
Cha rl es I. J enkin s .................. ............. .. .. ... . Laborato1·y Technician 
Robm·t L. Kelly ____ ............... .. .. ........ .. ........... Lab01·atory Technician ''' 
Lance K. Knowles, III .... ... .................. Laboratory Technician* 
Ash ton A. Leigh .... .. . ................ .. ..... Labora tory Technician ''' 
Curti s C. Leigh ........... ......... . ... ..................... ..... Labor atory Technician 
James D. Monis ................ .............. ....... ....................... Laboratory Technician*i" 
Frank P. Moseley .................................. .. ........................ Laboratory Technician ''' 
Molli e W . McMurtri e ........ ... ..................... .. ........ .. ............ Labora tory Technician 
* .Jo in ed s taff during- report pe ri od 
I .cfl :;ta fT durin g- J'C))or t. period 
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Cary S. Peet ·----------- --- ----- -------·-- ·-- ------·- ---- ·----- ---·----- ___ Laboratory Technician ':' 
Beverly A. Roberts, B.S. ----------------- ------ -----·---- - _____ ______ Laboratory T'echnician* 
Jon K. Shidler ___ ---- ------- --- ---- -- -- --------------- ---- -- ----- ---- --------Laboratory Technician * 
Boyd F. Walker ______ ----- ----- ·-- ·-- ·-- --- ·--·--· --·- --- ---- --- -- ----- --- ---- Laboratory Techniciant 
H. Juanita Walker --- --- ·----- ------------ ------------- ---- --- --- ------------ -Laboratory Technician 
Claude D. Webb -------- ------- ·--- -- ·-- ------ ----- ---- --- ·----- -- -- ------- -Laboratory Technician*t 
John L. Wood, Jr. --- -·- -------·-- ·--·-------------------- ---- ·-- --- -- -------- Laboratory Techniciant 
Woodrow Wilson ___ ------- ------- ---- ·- ----- ------- ------- ___ _______ Laboratory Technician 
Robert S. Bailey, M.S. __ _________ _____________________ Information Off icer and Dir. of 
Fred C. Big-gs, B.S. -- ------ ---- --------- --- ------
Evelyn C. Well s, M.S. ---- ---------------
N.S .F. Summer Training- Prog-ram 
____ ____ As~oc i a te Information Officer 
---- -- --- ---- -- _______________ Research Librarian 
ADMINISTRA'l'IVE STAFF 
Roy J. Washer, B.S. _______ ____ Assistant Administrative Director 
Patricia C. Morales-Alamo ------- --- ·-- -- ------ -- ____ ____ ____ _________ Confidential Secret ary 
Beverly D. Ashe -- -- ----- -- ------- --- - ------·------·-------- ·-- ----- --- __ Clerk-Typist 
Charlotte S. Ashe -------- --- --- ----------- --- ·--- ------------ --------- ·-- ·--- ---- Clerk-Stenog-rapher '' 
Trudy A. Ba rtley ------------------ --·--·----- __ ----- ·--·--·- ----- -Clerk-Stenographer '' 
Bonnie L. Bonniwell ---- ----- ------------- ·-- · --- --------- ----- ------·---------· -- --- ------Clerk-Typist* 
Barbara H. German --- -----·-----·- ---- ---- ----------------------- -------- -----Clerk-Stenog-rapher*t 
J ennie Handley ------------- _ ------ -·-------- _______ ___ ______ _ ---- -- _ ------- . __ _____ __ ___ ----------- -Clerk-Typist 
Bonnie C. Hill ---- ---------·------- --- ----- --- ---- ----·-- ·- ----- ---- ---- ·--- ____ _____ ____________ Clerk-Typistt 
Judy G. Hudgins -- -- ------ ---· ----- ·-- ---- ----- ---- -- --- -----·-- -- ----·------ ---------Clerk-Stenographer 
Audrey B. Jordan _____ ---- ·-- ·-- ·-- ------------- ___ ____ --· ____ ------ ___________ __ Clerk-Stenographert 
Joyce S. Kelley ______ ----------------- ·--____ _ --·---- -·- -·- -- · --- -- --- ·--- ---- ------- ----------Clerk-Typist*t 
Janie M. Leonard __________ __ ___ ---- -- -·- -·- ___ __ __ ______ __ ------ ------ _ ·- -__ ______ Clerk-Stenographer ':' 
Bertrand H. Parkes ---- --- --- ------------------- ---------- ---- ---- ---- ---- --- ----------------Clerk-T'ypisF 
Alice Lee Tillage ------------------ ---- ----- -- --- -···--·- -- --- --------- --- ·--------- -Clerk-Stenographer* 
M. Jane Ward _____ ----- -·-- -- -----· ____ __ __ ·- --- -- ----------- ------ -- ------ _ ---- --------- ----__ __ Clerk-Typist* 
Anita H. Williams --- ----- -- -- ---- --------- --------- ------- --- ----- --- ----- -- -Clerk-Stenographer*t 
MAINTENANCE AND OPERATION OF BUILDINGS AND GROUNDS 
Thomas A. Chapman ---- ---- -------- --------- -------Supervisor of Building and Grounds 
Hayes C. Bolden --- ----- ----- ---- -----·- --- ----- --- ---- ------------ --- -- ----------- ---- --- Electrician 
James B. Fletcher ____ __ -- ----·-------- ------· ----- __ ------ -- ·-- ---·- -·--·- -- --__ ________ ____ __ ... . Carpenter':' 
Carrie B. Jenkins ------ ·-- -- -·-- ----------- ------ ------- ·--- -- ---- --··- --- -------- ---- ---------Housekeeper* 
William E. Lewis ------------· --- ---- --- --- -- -- --- -·-- -- --- --- ------ ----- -----·------Carpenter Leadman 
Audrey L. Moore -------------- ·---- ---- ·--- -- -------- --- -----· ------------- ------- ---- ---- -------- ----Painter*t 
Milton N. Robins -- ----- ---- ---- ---- ------ ----·------·------------------------------- -- ------------------ Painter'' 
Dick Vrolijk ----- -- ---- --------- -- -- -- --- --- -- -------- --- --------------- ---- -- -- ----- --- ------------ ---Carpentert 
VESSEL OPERATIONS 
John E. Deal ---- ---- ------ ------- ----- --- --- --- -- ----- ------- ----------------- -- _____ ___ ____ _____________ __ __ __ Mate* 
Henry B. Foster -------- --------------------------- ---------------- -- ---- --- ------ ------ --- -Chief Eng-ineer* 
• Joined staff durirnc report period 
·f Left staff during report period 
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Joseph M. Hall, Jr. 
Richanl J. Hochban 
George W. Snow .. ................ . 
John E. Tillag·e ........... ..... .. ..... .. . 
* .Jo ined stnf-f du1·ing r ep01·t pc1·!od 
·;· Le ft. ~ taff durin,:.~ t·cport ])CJ"iod 
. ....... .. ............ ..... .......... .. ..... ... Mate '''t 
.... ... . Research Vessel Captain 
... Research Vessel Captain''' 
. ...... Mate''' 
GIL\DUATE STUDENTS 
Peter Eldridge, M.A., .1962 
George Grant, M.A., 1962 
Peter Isaacson, M.A., 19()2 
Eng·-Chow Tan, M.A., J 962 
.James E. Warinnei·, M.A., HJ62 
David Young·, M.A., 19()2 
Dorothy Baetcke 
Tapan Banerjee 
Paul Chanley 
·william A. Dillon 
Weston Eayrs, III 
Joan Faunce 
Robe rt Fournie1· 
Adrian Lawler 
Kenneth Leon 
Maurice Lynch 
Robert Miller 
Reinaldo Moral es-Aiamo 
James McArther 
John McCain 
Monis Roberts 
Charl e~: Rutherford 
Wallace Smith 
Richard Stone 
Ri chard Tuck , Jr. 
Pamel2. Tyler 
John Vogel 
James Whitcomb 
Stanley Wil son 
Gilbert Yan 
David Zwerne1· 
B. VIMS PUBLICATIONS ISSUED FROM 1957 
THROUGH .JUNE 1963 ;: :·J; ' 
In the report of the Virginia Fisheries Laboratory for the years 1956-
1957, in cluded · in the biennial report of the Commiss ion of Fi sheries of 
Virginht pub)i:;hed in 1957, ther e, is a lis t of publications issued from 1948 
to 1~57. · That 'li st is here brought up to date. ·· 
Number 
n. ANDREWS, J. D. and J. L. Mc!-!UGH. 1957. The survival and growth 
.of South Cat'olina :-;ecd oys ters in Virginia waters. Proc. Nat!. Shell£. 
Asso. 47(1956) :3-17. 
74. HAVEN D. and J. D. ANDREWS. 1957. Survival and growth of V en.tis 
11/.el'cimnria , Venu s cnm JJ echiensis and their hybrids in suspended 
trays and on natural bottoms. Proc. Nat!. Shellf. Assoc . .4.7( 195()): 
4:!-49. 
75 . . HARGIS, W . J., MARY F . ARRIGHI , R. W . RAMSEY, and R. WILLIAMS. 
1957. Some effects of hi ·.?; h-:frequency x-rays on the oyster drill Uro-
sr:tl1Jinx c:neren. Proc. Nat!. Shell £. Assoc. 47(1956) :68-72. 
76. McHUG H, J . L. 1957. Trapping oyster drill s in Virginia .- III. The 
catch per trap in r elation to condition of bait. P1·oc. Nat!. Shell f . 
Assoc. ,4.7 ( 1956) :Sa-l 02. 
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77. HARGIS, W. J. JR. 1958. The fi sh parasi te Argnhts lcteticet11dn a s a 
fortuitous human epizoon. J. Parasite!. 44 :45. 
78. HARGIS, W. J. JR. 1958. Coelacanths and monog-eneids. J. Paras itol. 
44:191. 
79 . VAN ENGEL, W. A . 1958. The blue crab and its fi shery in Chesapeake 
Bay. Comm. Fish. Rev. 20:6-17. 
80. McHUGH , J. L. 1958. Pathfinder of the sea s. Sea Frontiers 4: 101-107. 
81. MASSMANN, W. H ., J . P. WHITCOMB, and A. L . PACHECO. 1953. Dis-
tribution and abundance of g ray wPakfish in the York River system, 
Virg-in ia. Trans, 23rd N . Amer. Wild!. Conf., pp. 331-369. 
82. HAVEN, D. S. 1959. Migration of the croaker. M·icropognn 11 ndulat11&. 
Copeia 1115.9:25-30. 
83. HARGIS, W. J. JR. 1958. Paras ites and fi she1·y problems. Pt·oe. Gulf 
Carib. Fish. Inst . 11 :70-75. 
84. McHUGH, J. L., R. T . OGLESBY, and A. L. P t.C I!ECO. 1959. Length, 
weight, and age composition of the menha den catch in Virgini:t 
waters. Lim no!. Oceanog. 4:145-162. 
85. McHUGH, J. L. 1959. Can we mana ge om· A tlant~c coas t a l fi shery 
1·esources ? Trans. Amer. Fi !-. h. Soc. 88 :105-110 . 
86. HAVEN, D. 1959. Etfec; t s of pea c;rabs, Pimw th eres ostremn, on oysters 
Cmssos trect Virg·inica. Proc. Nat!. Shellf. A:::soc. J,.IJ: 77-86. 
87. ANDREWS, J. D., D. HAVEN, and D. B. QUAYLE. J U5!J. Freshwater kill 
of oysters (Cmssostrea v irginica) in James Rivet· , Virg· inia, 1958. 
Proc. Nat!. Shellf. A ssoc . .1,11:29-49. 
88 . FgNG, SUNG- YgN. 1958. Observati ons on di stributi on and elimina-
tion of spores of Nemcttopsis ustrectr11m in oysters. Proc. Nat!. Shellf. 
Assoc. 48 :162-173. 
89 . McHUGH, J. L. 1960. The pound-net fi she ry in Virginia. Part 2. 
Species composition of landin gs r eported a s menhaden. Comm. Fi sh. 
Rev. 22: 1-16. 
90. MASSMANN, W. H. 1960. Addit ;onal r ecords for new f'i shes in Ches-
apeake Bay. Copeia 11160:70. 
91. MASSMANN , W. J. and A. L. PACI-Igo. 1960. Disappea rance of young 
Atlantic croakers from the York Rive1·, Virginia. T1·ans. Amer. Fish. 
Soc. 8 .'1: 154-159. 
92. PAT'mN, B. C. HJ61. Negentropy flow in communities of plankton. 
Limnol. Oceanog. (] :26-30. 
93. PATTEN, B. C. 1961. Plankton energ-eti cs of Ra ritan Bay. Limnol. 
Oceanog·. 6:369-387. 
94. PAT'mN, B. C. HJGl. Preliminary method for estimating s tability in 
plankton. Science 134 :1010-1011. · 
H5. JOSEPH, E. B., W. H . MASSMANN and J. J . NORCROSS. 1960. Investi-
gations of inner continental shelf waters off lower Chesapeake Bay. 
Part I - General introductions and hydrog ra phy. Chesa peake Sci. 
1:155-167. 
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